Hedonic rating using human bivariate conceptualization by Kwak, Han Sub
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright 2012 Han Sub Kwak 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
HEDONIC RATING USING HUMAN BIVARIATE CONCEPTUALIZATION 
 
 
 
 
BY 
HAN SUB KWAK 
 
 
 
 
 
 
 
DISSERTATION 
 
Submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in Food Science and Human Nutrition 
in the Graduate College of the 
University of Illinois at Urbana-Champaign, 2012 
 
 
 
 
Urbana, Illinois 
 
 
Doctoral Committee: 
 
 Professor Keith R. Cadwallader, Chair 
 Professor Shelly J. Schmidt 
Associate Professor Soo-Yeun Lee, Director of Research  
Assistant Professor Michael Miller 
 
 
 
 
 
 
 ii 
 
ABSTRACT 
 Bivariate conceptualization, a new human conceptualization process, was recently 
proposed. Research about bivariate conceptualization has shown the bivariate relationship and 
the coexistence of positivity and negativity in the measurement of human attitudes and emotions. 
However, many scales for the consumer acceptance test, such as the 9-point hedonic scale, the 
food action rating scale, the labeled affective magnitude scale, and the hybrid hedonic scale were 
developed using the traditional bipolar conceptualization. Sensory scientists have continued to 
use bipolar conceptualization and have shown a lack of understanding about bivariate 
conceptualization theory. The central hypothesis of this research is that consumer acceptance 
testing that utilizes scales that were developed based on the bivariate conceptualization process 
will separate liking and disliking percepts, and thereby provide supplementary interpretation 
regarding consumer acceptance and preferences. The objectives are to: 1) determine the 
correlation between measurements of liking and disliking with food products, 2) compare the 
bipolar and bivariate measurements of liking and disliking, 3) investigate the scale presentations 
(monadic scale presentation (MSP), evaluative space grid (ESG), and consecutive scale 
presentation (CSP)), and 4) investigate consumer beliefs concerning why they use bivariate or 
bipolar conceptualization for their evaluation for percepts of liking and disliking certain 
products. The correlation coefficients from the consumer acceptance tests failed to demonstrate 
bipolarity between percepts of liking and disliking in the evaluation of food products. Subjects 
tended to have a bivariate conceptualization when evaluating food products. Statistically, the 
bipolar and bivariate measurements were similar in sample discrimination performance. 
Bivariate measurements could demonstrate supplementary interpretations of consumer 
acceptance and preference by demonstrating consumer preferences of liking and disliking toward 
 iii 
 
certain samples distinctively. To solve the drawback of bivariate measurement -the sample 
preparation and testing time problem, the traditional method (MSP) was compared to new scale 
presentation methods (ESG and CSP), which required the same amount of sample preparation 
when compared to the 9-point hedonic scale. The results suggest that the ESG and the CSP were 
comparable to the MSP. Qualitative research was conducted to investigate how subjects used the 
bivariate and bipolar scales. The results from the open-ended questions revealed that subjects 
used both the liking and disliking unidirectional scales when they perceived both liking and 
disliking percepts with regard to the samples, and either the liking or disliking unidirectional 
scale when percepts of liking or disliking in the foods were predominant. The bipolar scale was 
easy to use, but could not explain the perception for both liking and disliking in the study. The 
bivariate scale can solve this ambivalent issue. 
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CHAPTER 1- INTRODUCTION 
  
1.1. Motivation 
The 9-point hedonic scale is the most widely used scale to measure consumer acceptance 
of foods because it is simple to use for measuring consumer acceptance and is easy to implement 
(Lawless & Heymann, 1998). This advantage of the 9-point hedonic scale makes it the most 
extensively researched scale in sensory science in various aspects (Stone & Sidel, 2004). Most of 
the other scales that are used to measure consumer acceptance were developed to overcome the 
limitations of the 9-point hedonic scale (Schutz, 1965; Schutz & Cardello, 2001; Villanueva, et 
al., 2005). One common factor for any of these scales including the 9-point hedonic scale is that 
the fundamental theoretical backbone of the scale is based on bipolar conceptualization. 
 Herr and Page (2004) demonstrated the asymmetric association of liking and disliking 
judgments by measuring the length of time required for the subjects to determine their attitudes 
of liking and disliking in reaction to various pictures. This article initiated the idea for the 
separation of liking and disliking percepts in measuring consumer acceptance. Extensive 
research about the relationship between positivity and negativity has been conducted in the fields 
of psychology and consumer behavior. The debate about bipolarity or independence with respect 
to positive and negative attitudes began with Bradburn’s research (1969), in which he showed 
that many of the opposite affects are not highly negatively correlated. Cacioppo and Bernston 
(1994) established bivariate conceptualization based on the independence of positive and 
negative attitudes. There has been an ongoing debate about human conceptualization in 
psychology and consumer behavior for more than half a century. However, the scales for 
consumer acceptance testing have been developed based only on the bipolar conceptualization 
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theory. Only few studies have reported the possibility that there is an asymmetric association 
between liking and disliking percepts in the field of sensory science (Drake, 2009; Moskowitz, 
1980). Therefore, the main goal of this research is to apply human bivariate conceptualization 
theory to consumer acceptance testing for food products, and to investigate how bivariate 
conceptualization works in a consumer acceptance test setting.  
  
1.2. Research Objectives 
The central hypothesis of this research is that consumer acceptance testing that utilizes 
scales that were developed based on the bivariate conceptualization process will separate liking 
and disliking percepts, and thereby provide supplementary interpretation regarding consumer 
acceptance and preferences. The first specific objective is to determine the correlation between 
measurements of liking and disliking in actual situations of food consumption. This is important 
because determining the relationship between percepts about liking and disliking is directly 
related to the justifications for the use of the bivariate scale in measuring consumer acceptance. 
Several previous studies have demonstrated the bivariate conceptualization of positive and 
negative attitudes in psychology and consumer behavior (Bradburn, 1969; Bryant & Veroff 
1982; Diener and Emmons, 1984; Green and Goldfried, 1965; Kaplan, 1972). However, there 
have been no studies, to the best of this author’s knowledge, about the relationship between 
liking and disliking for food products using ‘like extremely’ and ‘dislike extremely’ as 
descriptors. Unless there exists a strong negative correlation between percepts of liking and 
disliking, the subjects are close to the bivariate conceptualization in consumer acceptance testing.  
The second specific objective is to compare the results from using the 9-point hedonic 
rating and ratings obtained from using the liking and disliking unidirectional scales (LDUS). The 
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9-point hedonic scale has been used for many years in consumer sensory science, but has several 
limitations due to its simplicity. The comparison will show the sample discrimination 
performance for two methods.  In addition, the internal preference maps from the LDUS will 
generate supplementary interpretation due to the separate measurements of liking and disliking 
percepts.  
 Measuring liking and disliking percepts using the LDUS requires two samples: one for 
liking measurement and one for disliking measurement. This is a critical drawback in using the 
unidirectional scales due to the length of time for consumer testing, and amount of sample 
necessary for sample preparation. Thus, the next specific objective was to investigate how to 
present scales when attempting to efficiently measure the acceptance about liking and disliking. 
Two scale presentation methods were used for comparison with monadic scale presentation, the 
original scale presentation method. One was the evaluative space grid (ESG) (Larsen, 2009). 
This scale presents the degree of liking on one axis and the degree of disliking on the other axis 
by generating a 2-dimensional plot. The other was the consecutive scale presentation (CSP), 
which presents LDUS one-by-one after single tasting the sample.  
So far, only quantitative method was used to compare bivariate and bipolar 
conceptualization. It was necessary to investigate beyond the quantitative data produced in the 
use of the LDUS in order to probe the thought process of the panelists when using both types of 
scales. The last part of this research used qualitative method to gain insight on how and why 
panelists used the two different types of scales based on bipolar or bivariate conceptualization 
process. Thus, the final objective was to investigate the mind of the consumers regarding how 
they used the unidirectional scales, and to propose guidelines for the interpretation of consumer 
acceptance ratings generated from the LDUS. Understanding consumers by seeking to determine 
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their percepts of liking and disliking for foods provides supporting evidence regarding why 
sensory scientists need to apply bivariate conceptualization to consumer acceptance testing. 
These research findings will enhance our understanding of human conceptualization in the 
evaluation of the foods and aid in developing supporting evidence regarding the use of the LDUS 
for the measurement of consumer acceptance. 
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CHAPTER 2 – LITERATURE REVIEW 
 
2.1. Consumer Acceptance Testing 
Consumer acceptance testing is one of the two approaches that have been used in 
affective testing in the field of consumer sensory science. This type of testing has primarily 
focused on measuring consumer acceptance or rating the degree of liking of a product (Jellinek, 
1964). The acceptability of products is rated individually during consumer acceptance testing, so 
sensory scientists can identify the acceptance of a product without comparing it with other 
products. The relative preference among tested products can be compared indirectly by 
comparing the acceptance ratings of products using an analysis of variance and mean separation 
tests - unlike the preference test, which involves direct comparisons between two products 
(Lawless & Heymann, 1998; Stone & Sidel, 2004).  
The measurement of consumer acceptance of foods dates back to the 1920s, when the use 
of sorting and grading systems began (Boggs & Hanson, 1949). Various rating scales were used 
to measure food acceptance for three decades after the 1920s (Peryam & Pilgrim, 1957). When 
the 9-point hedonic scale was introduced in 1940s, this scale has become the most widely-used 
scale in consumer acceptance testing (Jones Peryam & Thurstone, 1955; Peryam & Grirardot, 
1952; Stone & Sidel, 2004). 
 
2.1.1. The 9-point Hedonic Scale 
The most widely used hedonic scale in use is now known as the 9-point hedonic scale. It 
was developed by the Quartermaster Food and Container Institute for the U.S. Armed Forces for 
the purpose of measuring food preferences and the degree of liking among soldiers (Jones, 
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Peryam & Thurstone, 1955; Peryam & Grirardot, 1952). The theoretical background of the scale 
began with the bipolar conceptualization process, which consisted of “unpleasant” or “negative” 
as descriptors at one end of the scale, and “pleasant” or “positive” at the other end of the scale 
(Peryam & Grirardot, 1952). The decision to use descriptive terms for each interval of the scale 
was the first step in its development (Peryam & Grirardot, 1952). The selection of the descriptive 
label was conducted using 51 descriptive words and phrases that were used by 905 enlisted 
soldiers (Jones & Thurstone, 1955). The series of descriptors, which were ranged from ‘dislike 
extremely’ to ‘like extremely,’ were selected based on how well they represented the 
characteristics of an equal interval scale and how they exhibited a normal distribution of subjects 
(Jones, Peryam & Thurstone, 1955; Peryam & Grirardot, 1952). Eight-category balanced scale 
without a neutral category and 8-categoriey unbalanced scale with a neutral category showed 
better transmitted information than was the case for balanced 5-, 6-, 7-, and 9-category scales 
with a neutral center point (Jones, Peryam & Thurstone, 1955). There was no logical decision-
making process involved in the choice of using the balanced 9-category scale with a neutral 
category, according to a series of publications regarding the development of that scale (Jones, 
Peryam & Thurstone, 1955; Peryam & Grirardot, 1952; Peryam & Pilgrim, 1957). Figure 2.1 
shows the original format of the 9-point hedonic scale. After this scale was introduced, it became 
widely used in the field of consumer sensory science for measuring the hedonic assessment of 
non-food items, and foods and beverages because it was simple to use and easy to implement for 
naïve consumers (Lawless & Heymann, 1998). 
Results derived from the 9-point hedonic scale were generally analyzed using parametric 
statistical analyses by converting the nine categories of the scale into numerical values that 
ranged from 1 = ‘dislike extremely’ to 9 = ‘like extremely’ (Peryam, Polemis, Kamen, Eindhove, 
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& Pilgrim, 1960; Stone & Sidel, 2004). The average ratings of each sample were calculated in 
order to assess consumer acceptance of each sample. Samples above 5 are generally considered 
to be acceptable, and samples that are above 7 are considered to be potentially successful 
products for the market in general. Parametric analyses such as analysis of variance (ANOVA) 
and multiple comparisons tests, such as Fisher’s least significant difference (LSD) and Tukey’s 
test, were applied in order to analyze the data gleaned from the test (Peryam, Polemis, Kamen, 
Eindhove, & Pilgrim, 1960). Advanced analyses were used to determine more in-depth consumer 
acceptance and preference patterns. Agglomerative hierarchical clustering analysis was applied 
to segment consumers into several groups based on their acceptance ratings of the samples 
(Bieber & Smith, 1986). Principal component analysis (PCA) was applied to determine 
consumer preference patterns for the samples (Naes & Risvik, 1996). The results from the 
consumer acceptance data were regressed on the PCA bi-plot of the descriptive analysis in order 
to generate an external preference map, which was used to determine which attributes from the 
descriptive analysis were related to the key drivers of consumer liking (Schlich, 1995). 
The limitations of the 9-point hedonic scale have been pointed out by numerous 
researchers, despite the fact that this scale was the most widely used one for measuring consumer 
acceptance of food products. The results from the 9-point hedonic scale in published articles 
were analyzed using parametric statistics such as ANOVA and mean separation to compare 
consumer preferences among those evaluated. The application of ANOVA to sensory data 
analysis has been a controversial issue because most of the data distributions derived from the 
results of the 9-point hedonics scale have not met the assumptions necessary for parametric 
statistics (Gay & Mead, 1992; Giovanni & Pangborn, 1983; Rayner, Best, Brockhoff, & Rayner, 
2005; Vie, Gulli, & O’Mahony, 1991; Villanueva, Petenate, & Da Silva, 2005). The use of 
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ANOVA requires meeting three assumptions for the data – independence, normality and 
homogeneity for its use (Montgomery, 1984; Weisberg, 1985). If data distributions fail to meet 
these three assumptions, then the reliability of the results from ANOVA is doubtful (Rayner, 
Best, Brockhoff, & Rayner, 2005). Therefore, the applicability of non-parametric statistics to 
sensory data with the 9-point hedonic scale was suggested due to violations of these assumptions 
(Conover & Iman, 1981; Rayner, Best, Brockhoff, & Rayner, 2005). Some researchers have 
proposed the use of the line scale with anchor points (Villanueva & Da Silva, 2009; Villanueva, 
Petenate, & Da Silva, 2005).  
 
Figure 2.1. The 9-point hedonic scale (Peryam & Pilgrim, 1957) 
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Second, by their nature, category scales reduced freedom in consumer evaluations in 
comparison with evaluations made using line or magnitude scales, and generated psychologically 
unequal intervals between categories and label descriptors (Lawless & Heymann, 1999; 
Moskowitz, 1980; Villanueva, Petenate, & Da Silva, 2000). This limitation is known as the 
numerical and contextual effect - that numbers and the label descriptors of the hedonic scale 
allow consumers to use the scale in multiple ways (Moskowitz, 1980; Villanueva, Petenate, & 
Da Silva, 2005). Nicolas, Marquilly, & O’Mahony (2010) demonstrated that the descriptive 
words and numbers on the 9-point hedonic scale were recognized in different ways by a 
consumer panel. The labeled affective magnitude scale was proposed to adjust the discrepancy 
between the categories and label descriptors using a normal distribution model, by employing a 
line scale that has 200-point categories (Moskowitz, 1977; Schutz & Cardello, 2001). 
Third, the central tendency was such that the subjects tended to be conservative during 
product evaluations and avoid using extreme parts of the scale (Hollingworth, 1910). The 9-point 
hedonic scale loses two extreme categories that are at the far ends because the subjects rarely 
choose extreme categories. Therefore, subjects’ avoidance of the extreme categories made the 
hedonic scale less efficient (Lawless & Heynamm, 1998; McDaniel & Sawyer, 1981; 
Moskowitz, 1980). The final limitation was that the opposite end of “like” on the bipolar scale 
might not be “dislike” (Moskowitz, 1980). This criticism also included the concern that subjects 
might use a scale that is bipolar but researchers might choose to analyze the data in a 
unidirectional manner (Nicolas, Marquilly, & O’Mahony, 2010; Moskowitz, Beckley, & 
Resurreccion, 2006; Stone & Sidel, 2004). There has been a lack of published studies that have 
addressed this limitation (Stone & Sidel, 2004). A new approach to the measurement of 
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consumer acceptance has been proposed by using the liking and disliking unidirectional scales 
(LDUS), which are based on the separability of liking and disliking (Drake, 2009). 
 
2.1.2. Other Consumer Acceptance Testing Scales 
Several scales for consumer acceptance testing have been proposed for circumventing the 
limitations of the 9-point hedonic scale. The food action rating scale was developed to measure 
food acceptance by combining attitude and frequency of consumption (Schutz, 1965) (Figure 
2.2). The labeled affective magnitude scale was developed to prevent the avoidance of extreme 
categories and to offer greater discrimination for highly accepted foods (Cardello & Schutz, 
2004; Schutz & Cardello, 2001) (Figure 2.3). The hybrid hedonic scale was proposed to resolve 
the parametric statistics issue for the analysis of consumer sensory data (Villanueva, Petenate, & 
Da Silva, 2005) (Figure 2.4). Although several consumer testing scales have been developed, the 
9-point hedonic scale has been utilized predominantly for the testing and measurement of 
consumer acceptance. 
Consumer acceptance testing scales have been developed that are based on bipolar 
conceptualization, which means that the relationship between ‘like’ and ‘dislike’ is reciprocally 
interchangeable and has opposing meaning (Cacioppo & Berntson, 1994). Drake proposed the 9-
point LDUS based on the asymmetric thought process of liking and disliking evaluation (Drake, 
2009; Herr & Page, 2004) (Figure 2.5). This research was the first attempt to apply the bivariate 
conceptualization of positive and negative attitudes to consumer acceptance testing in the field of 
consumer sensory science. 
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Figure 2.2. The food action rating scale for measuring food acceptance (Schutz, 1965) 
 
 
Figure 2.3. Labeled affective magnitude (LAM) scale (Schutz & Cardello, 2001) 
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Figure 2.4. Hybrid hedonic scale (Villanueva, Petenate, & Da Silva, 2005) 
 
 
Figure 2.5. 9-point unidirectional scales for separately measuring liking and disliking 
(Drake, 2009)  
 
2.2. Human Conceptualization  
 Human conceptualization is a theoretical background for studying human attitudes when 
measuring positive and negative opinions. There are two dominant theories in human 
conceptualization: bipolar conceptualization, which was proposed in the 1920s, and bivariate 
conceptualization, proposed in the 1990s, which was originated from independent relationship of 
positive and negative attitudes in 1960s (Branburn, 1969; Cacioppo & Bernston, 1994; 
Thurstone, 1928). Bipolar conceptualization was the basic theory of human conceptualization; 
however, once it was determined that there was a low degree of negative correlation between 
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positive and negative attitudes in the measurements of human well-being, the question of the 
human conceptualization process in terms of positive and negative attitudes has become a 
controversial subject - specifically, whether it is bipolar or independent (Bradburn, 1969). There 
has been no agreement between opposing sides of this issue regarding human conceptualization 
of positive and negative attitudes. 
 
2.2.1. Bipolar Conceptualization 
The bipolar continuum is a type of common affective space that is used in measurements 
that involve composing positive and negative attitudes that lie on opposite sides of the scale. This 
human evaluative space was first introduced in social attitude measurement studies by Thurstone 
(1931; Thurstone & Chave, 1929). Following Thurstone’s work on measuring human attitudes, 
human evaluative space was postulated to consist of the use of bipolar conceptualization. Bipolar 
conceptualization was part of the theoretical background used in the development of the Likert 
scale (Likert, 1932), the most frequently-used survey research rating scale. This scale gives equal 
weight to using positivity and negativity on opposite sides of the scale when measuring the 
responses of subjects. 
After the early work on attitude measurement and the development of the bipolar scale, 
numerous articles in support of bipolar conceptualization - in relationship to human affective 
space - were published in opposition to Bradburn’s finding of independence between positive 
and negative attitudes (Barrett & Russell, 1998; Bentler, 1969; Bradburn, 1969; Carroll, Yik, 
Russell, & Barrett, 1999; Loor & McNair, 1982; Meddis, 1972; Russell, 1979; Russell & Carroll, 
1999). Two general directions for research on bipolar conceptualization have developed. One 
direction involves examining mood adjective loadings using factor analysis or principal 
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component analysis. A bipolar structure was demonstrated when measurements of human 
emotions involved using two adjectives with opposite meanings (Russell, 1979). Several pairs of 
emotional adjectives with opposing meanings were evaluated using unidirectional scales and 
were loaded onto a 2-dimensional bi-plot in order to determine whether two adjectives were 
bipolar or independent (Figure 2.6) (Barrett & Russell, 1998). Having two adjectives that were 
located at opposite ends of the plot relative to the center indicated that a bipolar relationship 
existed. Having the orthogonal position relative to the center indicated that there was an 
independent relationship between positive and negative attitudes. The second direction of bipolar 
research involved analyzing Pearson product-moment correlations between positive and negative 
attitudes. Measurements of negative and positive attitudes that made use of unidirectional scales 
should represent high inverse Pearson product-moment correlations because negative and 
positive attitudes are considered to be part of a bipolar continuum. Many mood adjectives were 
verified to have bipolar relationships, a finding that followed analyses that involved using 
Pearson product-moment correlations. Sad-happy, pleasant-unpleasant, activation-deactivation, 
and pleasure-displeasure were shown to involve bipolar continuums (Barrett & Russell, 1998; 
Green, Goldman, & Salovey, 1993; Hunter, Schellenberg, & Schimmack, 2008; Meddis, 1972). 
Although extensive research has been conducted to verify the bipolarity of human 
evaluative space, the bipolar conceptualization of human attitudes has been criticized by many 
psychologists and consumer behavior researchers who have proposed the independence of 
positive and negative attitudes. Bipolar scales cannot measure both positive and negative 
attitudes simultaneously because the nature of the bipolar conceptualization requires subjects to 
offset positive and negative attitudes by marking a single measure on the scale (Caciappo & 
Berntson, 1994; Kaplan, 1972; Russell & Carroll, 1999). Low inverse correlations have been 
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found in emotion and attitude measurement studies (Bradburn, 1969; Diener & Emmons, 1985). 
In addition, several mood and emotion measurement studies that involved listening to music, 
watching movies, and gambling have demonstrated the existence of positive and negative 
attitudes (Hunter, Schellenberg, & Schimmack, 2008; Larsen, McGraw, &Cacioppo, 2001; 
Larsen, McGraw, Mellers, & Cacioppo, 2009). These findings verify the coexistence of positive 
and negative attitudes that bipolar conceptualization cannot explain.  
 
 
Figure 2.6. Semantic affective structure of emotional adjectives. The letters x and y 
represent semantic components: x = pleasantness; y = activation. (Barrett & Russell, 1998) 
 
 
2.2.2. Bivariate Conceptualization 
Since the1920s, with the initial publication of Thurstone’s work on social attitude 
measurements, bipolar conceptualization dominated the measurement of human attitudes and 
emotions (Thurstone, 1928; Thurstone and Chave, 1929). Although bipolar conceptualization has 
become widely accepted as a theoretical background of measuring human attitudes and 
emotions, researchers have demonstrated that positive and negative attitudes have low 
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correlations (Bradburn, 1969; Green & Goldfried, 1965). Bradburn (1969) proposed that positive 
and negative attitudes were independent of each other when measuring human well-being, by 
using positive and negative affective scales. The relationship between positive and negative 
attitudes found in his research demonstrated that the correlations between positive and negative 
were low. The evidence for the independence of positive and negative attitudes in Bradburn’s 
research generated arguments regarding human conceptualization of positive and negative 
attitudes and whether human conceptualization is bipolar or independent (Diener & Emmons, 
1985). Kaplan (1972) argued that using a bipolar scale forced the subjects to mark only one 
point, by virtue of eliminating ambivalent conceptualization. He measured positive and negative 
attitudes using the attitudinal component technique for the purpose of avoiding the misuse of the 
unidirectional scale - something that was mentioned by the research from the bipolar 
conceptualization side. This research showed that the correlation of positive and negative 
attitudes was slightly negative. 
The independence of positive and negative attitudes has attracted renewed attention. A 
new human evaluative space model was introduced by Cacioppo & Berntson (1994). The 
bivariate evaluative space consisted of two unipolar scales: positive and negative attitudes 
(Figure 2.7). This plane can explain all instances of the human conceptualization processes by 
separating measures of positive and negative attitudes. Reciprocal association explains the 
bipolar continuum of positive and negative attitudes. In addition, uncoupled positive or negative 
association and coactivity association can be represented. This covers a much broader portion of 
the human conceptualization process than is the case for bipolar conceptualization, which can 
cover only the reciprocal association between positive and negative attitudes.  
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Figure 2.7. Bivariate evaluative space (Cacioppo & Berntson, 1994) 
 
One additional advantage of bivariate measurements is the capability of discriminating 
between neutral and ambivalent attitudes. Positive and negative evaluations should be 
reciprocally calculated in the brain for bipolar conceptualization in order to determine the 
subject’s opinion as a single point on the bipolar scale (Cacioppo, Gardner, & Berntson, 1997). 
Since the bipolar scale forces subjects to express their opinions on a single point, bipolar 
conceptualization cannot represent ambivalent attitude (Heise, 1969; Kaplan, 1972). Therefore, 
the bipolar scale generally regards both neutral and ambivalent attitudes as being ‘neither 
positive nor negative’ descriptor on the scale. On the other hand, the bivariate evaluative space 
inspired psychologists and consumer behavior scientists to examine the existence of the 
ambivalence of positive and negative attitudes. Many articles have been published concerning 
the ambivalence of positive and negative attitudes, using bivariate conceptualization. Some 
studies have been conducted about the coexistence of mixed emotions and recalling mixed 
emotions to verify the existence of ambivalence (Aaker, Drolet, & Griffin; 2008; Larsen, 
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McGraw, & Cacioppo, 2001; Williams & Aaker, 2002). Other studies have demonstrated that 
there was an increase in positive attitudes and a decrease in negative attitudes when monetary 
winnings increased, and vice versa for losing (Larsen, McGraw, & Cacioppo, 2001; Larsen, 
McGraw, Mellers, & Cacioppo, 2004). In addition, bivariate evaluative space has been used to 
determine whether or not people are biased toward negative feelings (Andrade & Cohen, 2007). 
 
2.3. Scale Presentation 
 How to present samples and scales are related to the time and cost of running a sensory 
test and are also related to variations between products (Komanska, 1990; Saint-Eve, Levy, 
Martin, & Souchon, 2006). The measurement using bivariate conceptualization requires two 
scales: one concerns the degree of liking, the other the degree of disliking, because percepts of 
liking and disliking should be measured separately. The nature of bivariate conceptualization has 
generated issues about how to present unidirectional scales to subjects. There are three possible 
combinations for measuring the degree of liking and disliking of a sample: the monadic scale 
presentation (MSP), the evaluative space grid (ESG), and the consecutive scale presentation 
(CSP). 
 
2.3.1. Monadic Scale Presentation  
 The monadic presentation is the traditional method used to evaluate samples during 
consumer acceptance testing or descriptive analysis (Gacula, Rutenbeck, Campbell, Giovanni, & 
Gardze, 1986). Subjects determine their acceptance and/or evaluations based on their frame of 
reference or expectations, which is known as an absolute cognitive process (Gacula, Rutenbeck, 
Campbell, Giovanni, & Gardze, 1986; Zwislocki & Goodman, 1980). The monadic presentation 
 20 
 
has been studied regarding how to present samples to subjects in the field of sensory science. 
This method was sufficiently sensitive, produced less fatigue among subjects, and was faster 
than the simultaneous sample presentation method (Ishii, Stampanoni, & O'Mahonuy, 2008; 
Mazzucchelli & Guinard, 1999). This method was also found to be appropriate when sensory 
scientists needed to handle large numbers of samples (Saint-Eve, Levy, Martin, & Souchon, 
2006).  
Although there are many advantages in the monadic presentation when applied to sensory 
science, it generates more sample preparation and testing time for the consumer acceptance test 
under the bivariate conceptualization process due to its absolute cognitive process. Since 
acceptance should be measured by subjects’ frame, one set of samples is offered to measure 
liking and another is presented to measure disliking that is, preventing any interaction. If liking 
and disliking were measured by one set there would be an interaction between the determination 
of degree of liking and disliking. Therefore, two sample sets are required for the MSP in 
bivariate conceptualization, which means that there is inefficiency in measuring liking and 
disliking compared to the traditional consumer acceptance testing, which uses the 9-point 
hedonic scale. This will make sensory scientists hesitate about using the bivariate 
conceptualization process for measuring consumer acceptance. 
  
2.3.2. Evaluative Space Grid 
The evaluative space grid (ESG) was proposed as a means of simultaneously measuring 
positivity and negativity (Larsen, Norris, McGraw, Hawkley, & Cacioppo, 2009). The ESG is a 
two-dimensional plane labeled on one axis as ranging from ‘not at all’ to ‘extremely,’ using a 
positive descriptor, while the other axis ranges from ‘not at all,’ to ‘extremely,’ using a negative 
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descriptor (Figure 2.8). Subjects were forced to simultaneously think about positive and negative 
attitudes and were asked to mark their opinions as a single point on the plot where their 
acceptance of positivity and negativity intersect. Positive and negative unidirectional scales were 
used to measure attitudes in order to verify bivariate evaluative space before the ESG was 
proposed (Diener & Iran-Nejad, 1986; Kaplan, 1972; Russell & Carroll, 1999; Thompson, 
Zanna, & Griffin, 1995; Williams & Aaker, 2002). Larsen, Norris, McGraw, Hawkley, & 
Cacioppo (2009) demonstrated that the ESG is compatible with the dichotomous-then-unipolar 
scale, which is a strict form of the unidirectional scale that they used in their “disappointing win 
and outright win” study. It required detailed instructions due to the complexity in the use of the 
grid (Larsen, Norris, McGraw, Hawkley, & Cacioppo, 2009). Some empirical studies verified 
that the ESG can measure ambivalent emotions along dimensions such as happy/joyful/glad and 
afraid/scared/alarmed, happy and sad, and pleasant and unpleasant (Andrade & Cohen, 2007; 
Hunter, Schellenberg, & Schimmack, 2008). There is no research concerning the cognitive 
processes involved when subjects use the ESG because this measurement method is a new 
concept in the research of human attitude measurement. One expected that the cognitive process 
measured by the ESG is a relative model because when the subjects use the liking part of the 
ESG to rate how much they like products, their ratings were influenced by the disliking part of 
the ESG, which appeared on the other axis, or vice versa, for the disliking evaluations (Ishii, 
Chang, & O'Mahony, 2007). 
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Figure 2.8. Evaluative space grid (ESG) (Larsen, Norris, McGraw, Hawkley, & Cacioppo, 
2009) 
 
 2.3.3. Consecutive Scale Presentation 
The consecutive scale presentation (CSP) is used frequently in experimental psychology 
to measure pairs of emotions, such as positive and negative, happy and sad, etc., using 
unidirectional scales (Kaplan, 1972; Larsen, McGraw, & Cacioppo, 2001; Larsen, McGraw, 
Mellers, & Cacioppo, 2004; Larsen, Norris, McGraw, Hawkley, & Cacioppo, 2009; Schimmack, 
2001). In this type of study, subjects are exposed to an event and then use the LDUS presented 
one-by-one, in random order, and then move on to the next sample. The cognitive process for 
this method would be between the MSP and the ESG. When subjects rate a sample using the first 
presented sale, their cognitive process is the same as the MSP. When subjects use the second 
scale, their cognitive process is a relative cognitive process because their evaluation from the 
second presented scale is influenced by the evaluation from the first presented scale. The ratings 
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produced by using the second scale are thus influenced by the ratings produced by employing the 
first scale. 
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CHAPTER 3 – CORRELATION OF LIKING AND DISLIKING MEASUREMENTS IN 
CONSUMER ACCEPTANCE TESTS  
 
 
3.1. Abstract 
 Understanding how people conceptualize their liking and disliking percepts is important 
in determining which conceptualization process - bipolar or bivariate - dominates our decision-
making process when assessing acceptability of food products. The objective of this research was 
to determine the relationship between percepts of liking and disliking in an actual food 
consumption situation. Six consumer acceptance tests were conducted with Korean rice wines, 
soy-whole-grain beverages, high protein snacks, and some familiar commercial food products, 
using liking and disliking unidirectional scales. Pearson correlation coefficient test between 
liking and disliking ratings was conducted to determine the relationship. Most of the correlation 
coefficients were medium or low intensities, which supported the assumption that subjects utilize 
bivariate conceptualization more so than bipolar conceptualization when assessing their 
acceptability for food products. Higher inverse correlation was shown for the familiar 
commercial food products tested than the novel food products, demonstrating the existence of a 
stronger bipolar conceptualization process when the products were familiar. Further research is 
recommended to validate the practical utilization of bivariate conceptualization process in 
sensory consumer test through comparison of liking and disliking ratings to the 9-point hedonic 
ratings.  Additionally, understanding why subjects would use both liking and disliking 
unidirectional scales versus only one of the scales in different situations would provide insight 
into the situational changes in the conceptualization process. 
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3.2. Introduction 
The application of rating scales to the evaluation of foods dates back to the 1920s, when 
the use of sorting and grading systems began (Boggs & Hanson, 1949). The consumer 
acceptance testing scale for food products was developed during the 1940s by the Quartermaster 
Food and Container Institute for the U.S. Armed Forces to measure food preferences and the 
degree of liking for certain foods among soldiers (Peryam & Girardot, 1952). This scale is now 
known as the 9-point hedonic scale. The scale had been developed through the selection of 
descriptive phrases, the comparison of various bipolar scales, and the length of time required for 
ratings (Jones, Peryam, & Thurstone, 1955; Peryam & Girardot, 1952; Peryam & Pilgrim, 1957). 
During the development of the scale, the researchers assumed that the response categories of 
‘like’ and ‘dislike’ were along the same continuum of preference (Peryam &Pilgrim, 1957).  
After the introduction of the 9-point hedonic scale, this scale became widely accepted in 
the field of consumer sensory science for the purpose of measuring the hedonic assessment of 
non-food items, as well as foods and beverages (Lawless & Heymann, 1998). The 9-point 
hedonic scale has been frequently used because it is simple to use and easy to implement 
(Lawless & Heymann, 1998). Several consumer acceptance testing scales, such as the food 
action rating scale (FACT) (Schutz, 1965), the labeled affective magnitude scale (LAM) 
(Cardello & Schutz, 2004; Schutz & Cardello, 2001), and the hybrid hedonic scale (Villanueva, 
Petenate, & Da Silva, 2005) were developed after the introduction of the 9-point scale in order to 
resolve the inherent limitations of the scale. These scales were also developed based on the 
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bipolar continuum of human attitudes, which was initially introduced by Thurstone in social 
attitude measurement studies (Thurstone, 1931; Thurstone & Chave 1929). The 9-point hedonic 
scale, FACT, LAM and the hybrid hedonic scale all share the assumption that the relationship 
between percepts of liking and disliking is reciprocal and interchangeable. Consumer acceptance 
testing scales have, to date, been developed based on the bipolar conceptualization theory.  
Contrary to the main stream idea of bipolar conceptualization, researchers in the 1960s in 
the field of psychology found that positive and negative attitudes have low correlation 
coefficients (Bradburn 1969; Green & Goldfried 1965).  Bradburn (1969) proposed that positive 
and negative attitudes were independent of each other because the correlation coefficients 
between positive and negative attitudes in the measurements of human well-being were low or 
not significant. The evidence for the independence of positive and negative attitudes presented in 
Bradburn’s research has led to discussions about the human conceptualization of positive and 
negative attitudes, with specific reference to whether the human conceptualization of positive 
and negative attitudes is bipolar or independent (Diener & Emmons, 1984). Many researchers 
used the correlation coefficients between positive and negative attitudes to propose that positive 
and negative attitudes are independent of each other as opposed to traditional bipolar 
conceptualization theory (Kaplan, 1972; Bryant & Veroff 1982; Diener & Emmons, 1984; 
Goldstein & Strube, 1994). This theory of independence of positive and negative affects was 
further developed into the bivariate conceptualization by showing four different conceptual 
relationships that pertain to positive and negative affects (Cacioppo & Berntson, 1994).  
The bivariate conceptualization of positive and negative attitudes was proposed after a 
number of human attitudinal and emotional studies in the fields of psychology and consumer 
behavior were published (Cacioppo & Berntson, 1994; Cacioppo, Gardner, & Berntson, 1997; 
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Diener & Emmons, 1984; Hunter, Schellenberg, & Schimmack, 2008; Larsen, McGraw, & 
Cacioppo, 2001; Larsen, McGraw, Mellers, & Cacioppo, 2004; Larsen, Norris, McGraw, 
Hawkley, & Cacioppo, 2009; Schimmack, 2001). However, only a few researchers investigated 
the relationship between “liking” and “disliking”, which have been the most frequently used 
descriptive terms in the field of consumer sensory science. In addition, to the authors’ 
knowledge, no research has been conducted to date in the fields of psychology and consumer 
behavior that has involved the measurement of human percepts with respect to actual food 
product testing.  
Drake (2009) proposed a consumer acceptance testing method with 9-point unidirectional 
liking and disliking scales, which is the first and the only consumer acceptance test with food 
products that involved separate measurements of liking and disliking. There has not been an in-
depth exploration of the use of bivariate conceptualization involving actual food product 
evaluation, creating the need to further investigate this conceptualization process in consumer 
acceptance test settings. We hypothesize that consumers will utilize bivariate conceptualization 
more than bipolar conceptualization in consumer acceptance testing for food products, based on 
previous psychological and consumer behavior studies.  Thus, the aim of this research was to 
determine the relationship between liking and disliking attitudes in a food consumption situation.  
 
 
3.3. Materials and Methods 
Consumer acceptance tests of Korean rice wines 
 Three consumer acceptance tests were conducted using commercial and reformulated 
Korean rice wines. The reformulated Korean rice wines were produced by the Korean Food 
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Research Institute (Seongnam-si, Kyonggi-do, Korea). The subjects were 21 years of age or 
older and did not have any problems with consuming alcoholic beverages. The recruitment 
process was identical for all three Korean rice wine consumer tests.  
Approximately 10 mL of each rice wine was poured in 59.2 mL plastic cups (Solo Cup 
Co., Urbana, IL, USA, for Studies 1 and 2, Dart Container Corporation, Mason, MI, USA, for 
Study 3) that were labeled with random 3-digit codes and covered with plastic lids (Solo Cup 
Co., Urbana, IL, USA, for Studies 1and 2, Dart Container Corporation, Mason, MI, USA, for 
Study 3). The samples were placed on a tray and refrigerated (~4 ℃) for about 1 hour prior to the 
beginning of the test on each testing day. The samples were removed from the refrigerator 
approximately 15 minutes prior to the evaluation and were kept at room temperature (~23 ℃) 
until the testing began. Samples were presented using Williams design of six samples to 
minimize carry-over effect (Williams, 1949). Subjects were instructed to rinse their mouth with 
warm water (Absopure Water Company, Plymouth, MI, USA), cracker (Unsalted tops premium 
saltine crackers, Kraft Foods Glocal, Inc., East Hanover, NJ, USA), and room temperature water 
(Absopure Water Company, Plymouth, MI, USA) before and between samples. 
The evaluations were conducted in individual booths under incandescent and fluorescent 
lighting with the Compusense five sensory data acquisition system (Version 4.6 for Study 1, and 
Version 5.0 for Studies 2 and 3; Compusense, Guelph, Ontario, Canada). The temperature and 
relative humidity of the booth area were approximately 23 ℃ and 47%, respectively. The 
subjects were asked to complete a demographic questionnaire after the testing session. 
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Study 1 
Ninety-six subjects (21 males and 74 females, ages 21 to 65 years) participated in this 
study to evaluate six commercially available rice wines from different manufacturers in Korea. 
Sample codes, ingredients, and the alcohol contents for all samples are presented in Table 3.1. 
The subjects received 2 sample sets consisting of 6 samples in each set. They evaluated their 
degree of liking and their degree of disliking using the 9-point liking and disliking unidirectional 
scales (LDUS), respectively. The scales were labeled with “1 – no opinion” and “9- like (or 
dislike) extremely” (Drake, 2009). Figure 3.1 shows the 9-point LDU that were used for this test. 
There was a 1-minute break after the tasting of the third sample in each set and a 3-minute break 
between each set. The session ranged from 15 minutes to 30 minutes in length. 
 
Study 2 
Ninety-six subjects (29 males and 67 females, ages 21 to 45 years) participated in this 
study. A total of six samples were used. These included two rice wines with the highest ratings 
from Study 1 (Samples A and F), a rice wine targeted for reformulation (Sample E) which 
obtained a low average acceptance rating among U.S. subjects in the previous study, and three 
reformulated rice wines (Samples E-R, E-G, and E-B) from the target wine that used three 
different Saccharomyces cerevisiae strains, labeled 89-5-3, 98-4, and APP-6 for fermentation of 
the wines. The sample codes, ingredients and alcohol contents of each are presented on Table 
3.1. The test was conducted during one 30-minute session. Verbal and written instructions 
regarding the use of the unidirectional scales were provided before the commencement of the 
sample evaluation. The subjects received two sample sets consisting of 6 rice wines. They rated 
their degree of liking and disliking using the 9-point LDUS (Figure 1). The LDUS were 
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presented in random order. There was a 1-minute break after the third sample in each set and a 3-
minute break between each set. 
 
Study 3 
 Ninety-six subjects (40 males and 56 females, ages 21 to 62 years) participated in the 
study. A total of six samples were evaluated: two rice wines with the highest consumer 
acceptance rating in Study 1 (Samples A and F); a rice wine targeted for modification (Sample 
E) that obtained a low average acceptance rating in Study 1; and three modified versions (E-A, 
E-B1, and E-C) of the target wine that utilized three different Saccharomyces cerevisiae strains, 
labeled 89-5-3, 98-2, and 183-2 for fermentation process, respectively. In addition, nuruk 
(fermentation starter) was dissolved into water, and a portion of the filtered solution was added 
to the rice and water mixture to reduce the yeasty flavor generated during the brewing process. 
The sample codes, ingredients and alcohol content are shown in Table 3.1. The subjects received 
2 sample sets consisting of 6 samples in each set. They evaluated their degree of liking and their 
degree of disliking using the 7-point LDUS (Figure 3.2), labeled with “0 – no opinion” and “6- 
like (or dislike) extremely.” The 7-point unidirectional scales were applied after a regression 
analysis between the 9-point hedonic scale and the liking and disliking unidirectional scales was 
conducted, which revealed that 7 points on the unidirectional scale was sufficient to cover the 
spectrum of the 9-point hedonic scale.  
 
Consumer acceptance test for soy-whole-grain beverages 
 One-hundred-forty-four subjects (39 males and 105 females, ages 19 to 56 years) 
evaluated 9 lab-made, soy-whole-grain beverages that contained different amounts of soy protein 
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isolate and whole grains. The subjects were instructed in how to use the 9-point liking and 
disliking unidirectional scales, and were told to rinse their mouths with carbonated water (Meijer, 
Inc., Grand Rapid, MI, USA) followed by room temperature spring water (Absopure Water 
Company, Plymouth, MI, USA) before the first sample, as well as between each sample tasting. 
The subjects were instructed to take 1-minute breaks after tasting the third and sixth samples in 
each sample set, and to take a 3-minute break between each sample set. 
The subjects received two sample sets with 9 samples in each set. One set was for the 
liking unidirectional scale and the other set was for the disliking unidirectional scale. The LDUS 
were labeled from left to right using “1- no opinion” to “9- like (or dislike) extremely.” The 
presentations of the liking and disliking unidirectional scales were randomized. The samples 
were presented using Williams design of 9 samples to minimize carry-over effect (William, 
1949).  
The samples were formulated using three different levels of soy protein isolate (7.0 g, 
10.5 g and 14.0 g) and whole grains (8.0 g, 12.0 g and 16.0 g). The ingredients and amounts of 
each ingredient are shown in Table 3.2. All of the samples were produced and bottled during the 
two days prior to the first day of consumer acceptance testing and were kept in a refrigerator (~4 
℃). Approximately 15 mL of each beverage was poured into each of the 59.2 mL plastic cups 
(Solo Cup Co., Urbana, IL, USA) labeled with random 3-dight codes and covered with plastic 
lids (Solo Cup Co., Urbana, IL, USA). The samples were placed on a tray and refrigerated (~ 4 
℃) one day prior to each testing day. The samples were taken out of the refrigerator 15 minutes 
prior to the evaluation and were kept at room temperature (23 ℃) before the evaluation. The 
evaluations were conducted in individualized booths under incandescent and fluorescent lighting. 
The room temperature in the booth area was approximately 23 ℃. Data were collected using the 
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Compusense Commuter sensory data acquisition system (Version 2.2; Compusense, Guelph, 
Ontario, Canada). 
 
Consumer acceptance test for high protein snacks 
 One hundred subjects recruited for this study (76 females and 24 males, ages 19 to 65 
years old) evaluated 4 lab-made high protein snacks. The subjects were recruited through the use 
of emails and flyers placed on the University of Illinois at Urbana-Champaign campus. Written 
and verbal instructions were given prior to the test on how to use the 9-point LDUS. Before the 
first and between every sample, subjects were instructed to rinse with first warm water and 
secondly with cool water (Absopure Water Company, Plymouth, MI, USA). Subjects were asked 
to expectorate all samples and rinses into expectoration cups. 
Subjects received two sample sets with four samples in each set to measure their liking 
and disliking using 9-point LDUS (Figure 3.1). One set was for the liking unidirectional scale 
and the other set was for the disliking unidirectional scale. The unidirectional scales were labeled 
from left to right using “0- no opinion” through “8- like (or dislike) extremely.” The 
presentations of the LDUS were randomized. The samples were presented using Williams design 
of 4 samples to minimize the carry-over effect (Williams, 1949). The subjects took a 2-minute 
break after tasting a set of four samples.  
The samples were formulated with different amounts of whey protein and soy protein 
(Table 3.3). Detailed manufacturing process is presented in Kreger’s research (Kreger, Lee, & 
Lee, 2012). Approximately 10 g of each snack was placed in 59.2 mL plastic cups (Solo Cup 
Co., Urbana, IL, USA) labeled with random 3-digit codes and covered with plastic lids (Solo 
Cup Co., Urbana, IL, USA). The samples were placed on a tray and kept at room temperature 
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(~23 ℃). The evaluations were conducted in individualized booths under incandescent and 
fluorescent lighting. The room temperature in the booth area was approximately 23 ℃. All of the 
evaluations were completed on computers using Compusense five data collection software 
(Version 5.0, Compusense, Guelph, Ontario, Canada).   
 
Consumer acceptance test for familiar commercial food products 
 An on-line survey was conducted with a total of 234 participants (179 females and 55 
males, ages 18 to 70 years) to determine familiar commercial food products to be tested for our 
consumer acceptance test. The survey was conducted using Survey Monkey® , an online survey 
tool. The participants were asked 10 open-ended questions about food products, using 9-point 
hedonic scale descriptors. These descriptors ranged from “like extremely” to “dislike extremely.” 
The participants were also asked at the same time to give the names of the food products they 
liked and disliked. They were asked to type the names of at least two food products when 
answering the open-ended questions. They were also asked to provide their acceptability of a 
number of products, which included milk chocolate, potato chips, sour gummy worms, raw baby 
carrots, plain soymilk, canned peas, green bell peppers, orange juice, canned peaches, sugar 
cookies, cranberry juice, and Warhead candy. They had to answer multiple choice questions 
generated from the 9-point hedonic scale descriptors, which ranged from “like extremely” to 
“dislike extremely.” The multiple choice questions also included the options, ‘I like but at the 
same time I dislike,’ and, ‘I don’t know what this product is.’ The open-ended and the multiple 
choice questions for the on-line survey are presented in Table 3.4.  
The open-ended questions were analyzed by counting how many times the food products 
were mentioned by 234 participants. The food products from the multiple choice questions were 
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analyzed by converting descriptors to the number. “Dislike extremely” was considered 1 and 
“like extremely” was considered 9. Few subjects chose “I like but at the same time I dislike” and 
“I don’t know what this product is” options. Therefore, the subjects in these categories were 
ignored. After the survey, group discussion was held with 8 panelists (3 males, 5 females) to 
finalize the products for the test. The final products selected for the consumer tests were: cheese, 
milk chocolate, orange juice, sour gummy worms, plain soymilk, canned peas, raw onion, 
buttermilk, canned sardines, and grapefruit juice (Tables 3.6 and 3.6). These products were 
selected because they were frequently mentioned in the answers from the open-ended questions; 
the average acceptance ratings from the survey were very close to the points of the 9-point 
hedonic scale, or consensus from the discussion. Milk chocolate replaced yogurt for the “Like 
very much” product due to ease of sample preparation. Buttermilk was proposed for the “dislike 
very much” product—from previous literature (Peryam, Polemis, Kamen, Eindhoven, & Pilgrim, 
1960) and the consensus during the group discussion. Canned sardines and grapefruit juice were 
selected for “Dislike extremely” and “Both like and dislike” products, respectively, after the 
group discussion. Onion was the most frequently mentioned food product for “Dislike 
moderately”, which was viewed as not high enough to adopt for the test (12 out of 234). 
However, in the group discussion, participants agreed that the characteristics of onion - sharp 
stingy smell and tart taste - would fit the acceptance rating of ‘Dislike moderately.’  Thus, onion 
was selected as one of the products to be tested.   
As our goal in selecting products for this consumer test was to have a wide range of 
liking represented, it was not imperative that the liking of the selected products matched each 
point on the 9-point hedonic scale.  However, the three selection criteria used, frequency 
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reported from the survey, average rating and group discussion, provided a good basis for 
selection of these products. 
 Subjects were screened to have no allergy issues related to all the test products, and 
consume a minimum of 4 out of 10 test products more than once a month. The consumer 
acceptance test was conducted using 96 subjects who met the requirements (68 females and 28 
males, ages 18 – 59 years). The subjects filled out the consent form before starting the first 
session. Prior to the sample evaluation they were asked to read the instructions and were given 
written and verbal instructions regarding the use of the scales. The subjects evaluated the 10 
selected commercial products. There was one 30-minute session using the 7-point LDUS (Figure 
2). Each subject received two sets of 10 samples, one set for the liking measurement and the 
other for the disliking measurement. The subjects took 3-minute breaks after fifth sample in each 
set and after each set to minimize fatigue. The subjects were asked to rinse their mouths with 
carbonated water (Meijer, Inc., Grand Rapid, MI, USA), followed by cracker (Unsalted tops 
premium saltine crackers, Kraft Foods Global, Inc., East Hanover, NJ, USA),and lastly by room 
temperature spring water (Absopure Water Company, Plymouth, MI, USA). The scales were 
presented in randomized order. The samples were presented using the Williams design of 10 
samples to minimize carry-over effect (Williams, 1949). The evaluation was conducted in an 
open discussion area under fluorescent lighting. The data were collected using the Compusense 
Commuter sensory data acquisition system (Version 3.0; Compusense, Guelph, Ontario, 
Canada). 
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Data analysis 
 The Pearson product-moment correlation coefficient test was conducted to determine the 
linear relationship between two variables, degree of liking and degree of disliking, using 
XLSTAT (Version 2008; Addinsoft, New York, NY, USA). 
 
 
3.4. Results and Discussion 
Pearson product-moment correlation coefficients between liking and disliking ratings for 
each sample in each consumer test are presented in Tables 3.7 through 3.10. The correlation 
coefficient (R) value represents the intensity of the relationship between two variables. The 
correlation coefficients for the 35 cases from the five consumer studies – Korean rice wines 
(Studies 2, 3), soy-whole-grain beverages, high-protein snacks, and familiar commercial food 
products – were divided according to the intensity of correlation coefficient. Two definitions of 
interpretation were applied for this analysis. Weber and Lamb (1970) separated correlation 
coefficients into five groups, ranging from low correlation to very strong correlation. Cohen 
(1988) separated correlation coefficients into four groups, ranging from no correlation to high 
correlation. Weber’s interpretation can be viewed as conservative regarding high correlation 
situations because the correlation coefficient range for high correlation is smaller than Cohen’s 
interpretation. On the other hand, Cohen’s interpretation is conservative regarding low 
correlation situations because the correlation coefficient range for low correlation is smaller than 
Weber’s interpretation. Table 3.11 shows how many samples were in each of the categories for 
the two different interpretations. Twelve cases showed slight correlation, 10 cases showed low 
correlation, 12 cases showed medium correlation, and one case showed a high correlation, 
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according to Weber’s interpretation. Nineteen cases showed low correlation or no correlation, 
and 8 cases showed high correlation, according to Cohen’s interpretation. These two 
interpretations of correlation coefficients demonstrate the fact that most of the cases had 
moderate correlation or below: 97% of the cases by the Weber and Lamb’s definition and 77% 
by the Cohen’s definition. Only one case from Weber and Lamb’s definition and eight cases 
from Cohen’s definition demonstrated strong bipolar relationship between liking and disliking 
ratings from our consumer studies. Therefore, these findings suggest that bivariate 
conceptualization is more predominant than bipolar conceptualization in the consumer 
acceptance test with food products.  
Twenty-six out of thirty-five correlation coefficients from the entire study, except Korean 
rice wines (Study 1) (Table 3.7), were statistically significant at the α = 0.05 level. However, it 
would be unwise to conclude that the relationship between liking and disliking is bipolar solely 
based on the significance of correlation coefficients. As the number of subjects increases (higher 
sample size), correlation coefficients are found to be significant at lower values. Interpreting the 
significance of the correlation coefficients for a large sample (n >100) requires caution (Taylor, 
1990). The correlation coefficient (R) is significant (p < 0.05) at 0.19 when the sample size is 
100, which means less than 4% of the total variation in the dependent variable (y) can be 
explained by the independent variable (x) yet the coefficient can be significant (Taylor, 1990). 
Therefore, it is important to consider both the significance of the correlation and the actual value 
of the coefficient when interpreting correlation analysis results from this type of consumer 
studies that generally have more than 100 subjects.  
 One interesting finding was that the correlation coefficients from familiar commercial 
food products were generally higher than for novel food products (Table 3.12). Previous 
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psychological research revealed that high inverse correlations were observed in high-intensity 
positive or negative situations such as the emotional measurement of a photo of a battery (Barrett 
& Russell, 1998; Diener & Iran-Nejad, 1986). No such trend was found in the intensities of the 
correlation coefficients in our studies. Slightly liked or disliked samples such as cheddar cheese, 
canned peas, and grapefruit juice also exhibited similar levels of correlation coefficients, 
compared to the highly-liked and highly-disliked products, such as milk chocolate, orange juice, 
and buttermilk (Table 3.10). This might imply that the subjects have a stronger degree of bipolar 
conceptualization from their familiarity with the samples rather than for their acceptance level in 
food evaluation situations.  
 The correlation coefficient results from Study 1 of Korean rice wines study exhibited 
positive linear relationships (Table 3.7). This suggested that the more consumers liked the 
products, the more they also disliked the products, which did not follow the hypothesis regarding 
the relationship between liking and disliking percepts. The average rating trends of liking and 
disliking percepts were similar to each other (Figure 3.3). The subjects used liking and disliking 
unidirectional scales in the same manner. These findings are believed to be resulting from the 
panelists’ lack of understanding regarding how they should use the LDUS, which have been 
reported to occur in past studies (Russell & Carroll, 1999). The subjects may have used the 
unidirectional scales as bipolar scales due to the lack of detailed instructions. Thus, the results 
from the Korean rice wine study 1 were not included in the overall discussion of our findings. 
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3.5. Conclusions 
 Determining the relationship between percepts of liking and disliking is the first step in 
investigating how people conceptualize their percepts about liking and disliking for food 
products. The intensities of the correlation coefficients in the studies supported the notion that, in 
general, subjects have bivariate conceptualization when they evaluate their liking and disliking 
for food products. This indicates that human conceptualization is more complicated than simply 
considering liking and disliking attitudes to be reciprocal.  
The bivariate conceptualization was found to be more pronounced in evaluating novel 
food products than in familiar commercial food products. Consumers may have a greater 
tendency to separate their percepts about liking and disliking when they evaluate novel food 
products than when they evaluate familiar food products. Sensory scientists need to consider 
these consumer attitudes when conducting consumer tests. In general, many consumer 
acceptance tests are conducted using novel products during new product development. Consumer 
acceptance test using the bivariate conceptualization may more closely reflect how consumers 
react to food products; thus, provide more accurate direction in optimization and reformulation 
during the development process. 
One caution for conducting consumer acceptance test with the LDUS is to give proper 
written and verbal instructions to the subjects in the use of the scales to prevent misinterpretation 
of the unidirectional scales. Majority of the subjects are naïve about the use of the unidirectional 
scales and may consider them as a bipolar scale they are accustomed to using.  
Further research should be conducted to validate whether or not the results from the 
LDUS are comparable to that of the 9-point hedonic scale.  Additionally, it should be 
investigated whether or not there are supplementary interpretations of consumer acceptance and 
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preference from the measurement by the LDUS. Furthermore, it would be meaningful to 
investigate why subjects use both liking and disliking unidirectional scales, or just one of the 
scales, based on the level of acceptance of the samples. This would help to understand 
consumers with respect to the pattern of their unidirectional scale usage. 
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3.7. Tables and Figures 
 
Table 3.1. Sample, ingredient and alcohol content of Korean rice wines that were used for 
three consumer acceptance tests 
Sample  Ingredient 
Alcohol  
content (%) 
Study 1, 2, 3 
  
A 
Non-glutinous rice, potato, nuruk, Cornus officinalis SIEB, 
Crataegus pinnatifida BUNGE 
14 
F Glutinous rice, nuruk 13 
E Non-glutinous rice, glutinous rice, Chrysanthemum indicum L 13 
   
Study 1 
  
B 
Glutinous rice, potato, Schisandra chinensis BAILL, Lycium 
chinense MILL, ginseng 
13 
C Non-glutinous rice, koji 14 
D 
Non-glutinous rice, glutinous rice, nuruk, Chrysanthemum 
indicum L, ginger 
18 
   
Study 2 
  
E-R 
Glutinous rice, non-glutinous rice, Chrysanthemum indicum, 
Saccharomyces cerevisiae 89-5-3 
13 
E-B 
Glutinous rice, non-glutinous rice, Chrysanthemum indicum, 
Saccharomyces cerevisiae 98-4 
13 
E-G 
Glutinous rice, non-glutinous rice, Chrysanthemum indicum, 
Saccharomyces cerevisiae APP-6 
13 
   
Study 3 
  
E-A Glutinous rice, nuruk, malt, S. cerevisiae 89-5-3  13 
E-B1 Glutinous rice, nuruk, malt, S. cerevisiae 98-2  13 
E-C Glutinous rice, nuruk, malt, S. cerevisiae 183-2 13 
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Table 3.2. Ingredient formulation of 9 soy-whole-grain beverage samples
a
 
Sample Type of product
b % soy protein  
isolate (SPI) 
% whole 
grain  
(WG)
c
 
% water 
LSLW Low SPI, low WG 2.92  3.33  90.14  
LSMW Low SPI, medium WG 2.92  5.00  88.47  
LSHW Low SPI, high WG 2.92  6.67  86.80  
MSLW Medium SPI, low WG 4.38  3.33  88.68  
MSMW Medium SPI, medium WG 4.38  5.00  87.01  
MSHW Medium SPI, high WG 4.38  6.67  85.35  
HSLW High SPI, low WG 5.83  3.33  87.22  
HSMW High SPI, medium WG 5.83  5.00  85.55  
HSHW High SPI, high WG 5.83  6.67  83.89  
a
All samples also included 3.33% sugar, 0.1% stabilizer, 0.03% salt, 0.15% masking agent. 
b
SPI means soy protein isolate. WG means whole grain. 
c
The composition of whole grains are 70% brown rice, 7.5% oat, 7.5% barley, 7.5% rye, and 7.5% millet. 
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Table 3.3. Ingredient formulation of 4 high protein snack samples (Kreger, Lee, & Lee, 
2012)  
Ingredients (% w/w)
a
 28a 28e 43a 43e 
Corn Meal 66.62 66.62 48.55 48.55 
WPI 95 17.36 0 25.43 0 
WPC 80 8.56 0 18.56 0 
SPI 90 0 25.93 0 44 
Salt 2.95 2.95 2.95 2.95 
Sucralose 0.00017 0.00017 0.00017 0.00017 
Oil 3 3 3 3 
Parmesan Flavor 1.5 1.5 1.5 1.5 
a
WPI, WPC, and SPI means whey protein isolate, whey protein concentrate, and soy protein isolate, respectively. 
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Table 3.4. Open-ended and multiple choice questions for the on-line survey 
Part 1. Open-ended questions 
For each question you may list up to 5 items, but you must fill out at least two items to move 
on to the next questions. 
Please type at least two food items available at the grocery store that you LIKE EXTREMELY.  
Please type at least two food items available at the grocery store that you LIKE VERY MUCH.  
Please type at least two food items available at the grocery store that you LIKE 
MODERATELY.  
Please type at least two food items available at the grocery store that you LIKE SLIGHTLY.  
Please type at least two food items available at the grocery store that you NEITHER LIKE 
NOR DISLIKE.  
Please type at least two food items available at the grocery store that you DISLIKE 
SLIGHTLY.  
Please type at least two food items available at the grocery store that you DISLIKE 
MODERATELY.  
Please type at least two food items available at the grocery store that you DISLIKE VERY 
MUCH.  
Please type at least two food items available at the grocery store that you DISLIKE 
EXTREMELY.  
Please type at least two food items available at the grocery store that you LIKE BUT AT THE 
SAME TIME YOU DISLIKE (i.e. milk, bread).  
  Part 2. Multiple choice questions 
What is your acceptability for milk chocolate? 
What is your acceptability for potato chips? 
What is your acceptability for sour gummy worms? 
What is your acceptability for raw baby carrots? 
What is your acceptability for plain soymilk? 
What is your acceptability for canned peas? 
What is your acceptability for fresh green bell pepper? 
What is your acceptability for orange juice? 
What is your acceptability for canned peaches? 
What is your acceptability for sugar cookies? 
What is your acceptability for cranberry juice? 
What is your acceptability for Warhead candy? 
  Multiple choice option 
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(Table 3.4. continued) 
 
1. Like extremely 
2. Live very much 
3. Like moderately 
4. Like slightly 
5. Neither like nor dislike 
6. dislike slightly 
7. dislike moderately 
8. Dislike very much 
9. dislike extremely 
10. I like but at the same time I dislike 
11. I don't know what this product is 
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Table 3.5. Ten familiar commercial products selected through open-ended questions, multiple choice questions, or group 
discussion 
Category 
Frequency 
of 
occurrence
a
  
Average rating 
from the 
multiple choice 
question 
Focus group 
discussion Sample 
Like extremely 53 
  
Cheddar cheese 
Like very much 
  
Consensus Milk chocolate 
Like moderately 
 
7.05 
 
Orange Juice 
Like slightly 
 
5.99 
 
Sour gummy worms 
Neither like nor dislike 4.85 
 
Plain soymilk 
Dislike slightly 
 
3.96 
 
Canned peas 
Dislike moderately 12 
 
Consensus Onion 
Dislike very much 
  
Consensus Buttermilk 
Dislike Extremely 
  
Consensus Canned sardines 
Both like and 
dislike     
Consensus 
Grapefruit juice 
a
Frequency of occurrence in the answer of the open-ended questions asked in this survey. This is out of 234 participants. 
b
Average rating were calculated by converting the 9-point hedonic scale descriptors to numbers from ‘Like extremely’ = 9 to 
‘Dislike extremely’ = 1. The subjects who choose ‘Both like and dislike’ were excluded. 
cGroup discussion was conducted with 8 food scientists (3 males and 5 females).   
dOnion was discussed in the group discussion because the frequency of occurrence was about 5% form the on-line survey 
participant although it was the most frequently mentioned food product of the open-ended question for ‘Dislike moderately.’ 
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Table 3.6. Products information for the consumer acceptance test of familiar commercial 
food products 
Product Manufacturer 
Cheddar cheese 
Grand Reserve Cheddar Cheese (Black Diamond Cheese Limited, 
Belleville, Ontario, Canada) 
Milk chocolate Milk chocolate (The Hershey Company, Hershey, PA, USA.) 
Orange juice 
Pulp Free Simply Orange (The Simply Orange Juice Company, 
Apopka, FL, USA.) 
Sour gummy worm Sour coated gummy worm (Schnucks, St. Louis, MO, USA.) 
Soymilk Plain soymilk (WhiteWave Foods, Bloomfield, CO, USA.) 
Canned pea Sweet peas (Del Monte Foods, San Francisco, CA, USA.) 
Raw onion Spanish onion 
Buttermilk Buttermilk (Prairie Farms Dairy, Incorporated, Carlinville, IL, USA.) 
Canned sardine Sardines in water (Bumble Bee Foods, LLC, San Diego, CA, USA.) 
Grapefruit juice 
100% Ruby Red Grapefruit Juice (Tropicana Product Inc., Chicago, 
IL, USA.) 
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Table 3.7. Pearson correlation coefficients between liking and disliking measurements for 6 
commercial Korean rice wines  
Sample Correlation coefficient
a
 
Study 1  
A 0.16 
F 0.29 
E 0.28 
B 0.51 
C 0.20 
D 0.27 
  
Study 2  
A -0.18 
F -0.12 
E -0.33 
E-G -0.18 
E-B -0.24 
E-R -0.11 
  
Study 3  
A -0.12 
F -0.23 
E -0.41 
E-A -0.44 
E-B1 -0.50 
E-C -0.35 
aBold number represents statistically significant at α = 0.05. 
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Table 3.8. Pearson correlation coefficients between liking and disliking measurements for 9 
soy-whole-grain beverages 
Sample
a
 Correlation coefficient
b
 
LSLW -0.17 
LSMW -0.30 
LSHW -0.23 
MSLW -0.05 
MSMW -0.13 
MSHW -0.17 
HSLW -0.16 
HSMW -0.21 
HSHW -0.18 
a
Capital letters L, M, and H in sample column mean low, medium, high, respectively. Capital letters S and W mean 
soy protein isolate and whole grains, respectively. 
b
Bold number represents statistically significant at α = 0.05. 
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Table 3.9. Pearson correlation coefficients between liking and disliking measurements for 4 
high protein snacks 
Sample Correlation coefficient
a
 
28a -0.18 
28e -0.26 
42a -0.55 
42e -0.24 
aBold number represents statistically significant at α = 0.05. 
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Table 3.10. Pearson correlation coefficients between liking and disliking measurements for 
10 familiar commercial food products 
Sample Correlation coefficient
a
 
Cheddar cheese -0.50 
Milk chocolate -0.57 
Orange juice -0.43 
Sour gummy 
worm 
-0.48 
Plain soymilk -0.36 
Canned pea -0.56 
Raw onion -0.51 
Buttermilk -0.57 
Canned sardine -0.74 
Grapefruit juice -0.56 
a
Bold number represents statistically significant at α = 0.05. 
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Table 3.11. The levels of correlation coefficients of 35 samples from 5 consumer acceptance 
tests 
Intensity of correlation by 
Weber and Lamb (1970)
a
 
Number of 
samples 
  
Intensity of correlation 
by Cohen (1988)
a
 
Number of 
samples 
Slight correlation   
(-0.19 to 0) 
12  
No correlation  
(-0.09 to 0) 
1 
Low correlation  
(-0.39 to -0.20) 
10 
 
small correlation  
(-0.3 to -0.1) 
18 
Moderate correlation  
(-0.69 to -0.40) 
12 
 
Medium correlation  
(-0.5 to -0.3) 
8 
High correlation  
(-0.89 to -0.70) 
1 
 
High correlation  
(-1 to -0.5) 
8 
Very strong correlation  
(-1 to -0.90) 
0     
a
The definitions of the levels of the correlations and the ranges of the correlation coefficients were determined from 
each author. 
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Table 3.12. Samples in each category by the definition of correlation coefficients by Weber 
and Lamb (1970) and Cohen (1988)
a
 
Test 
Weber and Lab's method  
Slight  
(-0.19 to 0) 
Low  
(-0.39 to -
0.20) 
Moderate  
(-0.69 to -
0.40) 
High  
(-0.69 to -
0.89) 
Very strong  
(-1 to -0.90) 
Korean 
rice wine 
(Study 2) 
A E N/A N/A N/A 
F E-B    
E-G     
E-R     
      
Korean 
rice wine 
(Study 3) 
A F E N/A N/A 
 E-C E-A   
  E-B1   
      
Soy-
whole-
grain 
beverage 
LSLW LSMW N/A N/A N/A 
MSLW LSHW    
MSMW HSMW    
MSHW     
HSLW     
HSHW     
      
High 
protein 
snack 
28a 28e 42a N/A N/A 
 42e    
     
Familiar 
commerci
al food 
product 
N/A Plain soymilk Cheddar 
cheese 
Canned 
sardine 
N/A 
  Milk chocolate   
  Orange juice   
  Sour gummy 
worm 
  
  Canned pea   
  Onion   
  Buttermilk   
    Grapefruit 
juice 
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(Table 3.12., continued) 
  Cohen's method  
Test 
No correlation  
(-0.09 to 0) 
Small 
 (-0.3 to -0.1) 
Medium  
(-0.5 to -0.3) 
High  
(-1 to -0.5) 
Korean 
rice wine 
(Study 2) 
N/A A E N/A 
 F   
 E-G   
 E-B   
 E-R   
     
Korean 
rice wine 
(Study 3) 
N/A A E N/A 
 F E-A  
  E-B1  
  E-C  
     
Soy-
whole-
grain 
beverage 
MSLW LSLW N/A N/A 
 LSMW   
 LSHW   
 MSMW   
 MSHW   
 HSLW   
 HSMW   
 HSHW   
     
High 
protein 
snack 
N/A 28a N/A 42a 
 28e   
 42e   
     
Familiar 
commercia
l food 
product 
N/A N/A Cheddar cheese Milk chocolate 
  Orange juice Canned pea 
  Sour gummy 
worm 
Onion 
  Plain soymilk Buttermilk 
   Canned sardine 
      Grapefruit juice 
a
Capital letters L, M, and H in sample column mean low, medium, high, respectively. Capital letters S and W mean 
soy protein isolate and whole grains, respectively. 
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1 2 3 4 5 6 7 8 9 
No 
opinion  
Like 
extremely 
Liking unidirectional scale 
1 2 3 4 5 6 7 8 9 
No 
opinion  
Dislike 
extremely 
Disliking unidirectional scale 
Figure 3.1. The 9-point liking and disliking unidirectional scales (Drake, 2009) 
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0 1 2 3 4 5 6 
No 
opinion  
Like 
extremely 
Liking unidirectional scale 
0 1 2 3 4 5 6 
No 
opinion  
Dislike 
extremely 
Disliking unidirectional scale 
Figure 3.2. The 7-point liking and disliking unidirectional scales 
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Figure 3.3. Mean acceptance ratings of Korean rice wines (Study 1) from 96 subjects by the 
liking and disliking unidirectional scales (LDUS) 
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CHAPTER 4 - COMPARISON OF THE BIPOLAR AND BIVARIATE 
MEASUREMENTS OF LIKING AND DISLIKING 
 
4.1. Abstract 
 The relationship between liking and disliking percepts has been demonstrated by 
previous studies to be more bivariate than bipolar. Thus, the measurements by liking and 
disliking unidirectional scales (LDUS) may be viewed as more closely aligned with the human 
liking/disliking conceptualization process. The overall goal of the study was to compare the 
liking and disliking ratings generated from the LDUS to the 9-point hedonic scale ratings to 
identify similarities and dissimilarities in the findings from the two different scaling methods. 
Five consumer acceptance tests were conducted with of the LDUS and the 9-point hedonic scale. 
The tested food products were Korean rice wines, soy-whole-grain beverages, high protein 
snacks, and familiar commercial food products that spanned a wide range of liking and disliking 
percepts (i.e., milk chocolate, soymilk, and canned sardines). Subjects demonstrated to have 
simultaneous liking and disliking percepts in the evaluation of foods. Only about 2% of the 
subjects had neutral perception by indicating 0 on both LDUS. Statistical comparisons between 
the 9-point hedonic scale ratings and the net difference between LDUS ratings produced similar 
sample discrimination performance. Internal preference maps from the LDUS ratings provided 
supplementary interpretations by showing additional directions of consumer preference patterns. 
The 9-point LDUS ratings were regressed onto the 9-point hedonic scale ratings in order to 
determine the appropriate number of categories of unidirectional scales. Linear regression 
models suggested that seven categories for the LDUS would encompass the 9-point hedonic 
scale range.  
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Key words: 9-point hedonic scale, unidirectional scale, bipolar, bivariate, consumer acceptance 
test 
 
 
4.2. Introduction 
 The rating scales used for food evaluations date back to the 1920s (Boggs and Hanson 
1949). The most widely used rating scale for the measurement of consumer liking and disliking 
for foods was developed in the 1940s, and was named the “9-point hedonic scale” (Jones, 
Peryam, Thurstone, 1955; Peryam & Girardot, 1952). Since the introduction of the 9-point 
hedonic scale, many companies and research institutes have used this scale to measure consumer 
liking of products, because this scale is easy to understand and requires minimal instruction 
when it is administered to naïve consumers (Lawless, Liu, & Goldwyn, 1997; Stone & Sidel 
2004). Despite its extensive use for measuring liking and disliking of food products, the 9-point 
hedonic scale has been criticized by numerous sensory scientists, experimental psychologists, 
and statisticians. Many research studies have mentioned limitations such as: 1) violation of the 
assumptions of parametric statistics, 2) discrepancies between numerical values and the 
descriptive terms that anchor the scale, 3) central tendencies shown from the subjects in using the 
scale, and 4) restrictions in expressing both liking and disliking percepts that may coexist (Day, 
1974; Gay & Mead,1992; Giovanni & Pangborn, 1983; Lawless & Heymann, 1998; McDaniel & 
Sawyer, 1981; Moskowitz, 1980; O’Mahony, 1982; Rayner, Best, Brockhoff, & Rayner, 2005; 
Villanueva, Petenate, & Da Silva, 2005). 
Several scales for consumer acceptance testing have been proposed for the purpose of 
circumventing the limitations of the 9-point hedonic scale. The food action rating scale was 
developed to measure food acceptance by combining percepts and frequency of consumption 
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(Schutz, 1965). The labeled affective magnitude scale was developed to prevent the avoidance of 
extreme categories and to offer greater discrimination when testing highly accepted foods 
(Cardello & Schutz, 2004; Schutz & Cardello, 2001). The hybrid hedonic scale was developed to 
meet the assumptions of parametric statistics (Villanueva, Petenate, & Da Silva, 2005). Although 
several consumer testing scales have been proposed, the theoretical backbone for such scales has 
assumed the relationship between liking and disliking percepts to be bipolar, theoretically 
assuming that the relationship is reciprocal and interchangeable (Cacioppo, Gardner, & Berntson, 
1999; Lawless & Heymann, 1998).  
Bivariate conceptualization is a relatively new theory in the measurement of human 
attitudes and emotions. This conceptualization process was proposed from findings regarding the 
independent relationship between positive and negative attitudinal measurements of human well-
being study (Bradburn, 1969). Bradburn’s research ignited additional studies regarding the 
determination of the relationship between positive and negative attitudes or emotions. Additional 
studies further dichotomized the two schools of thought in interpreting the relationship between 
human attitudes of positivity and negativity, which were viewed to be either bipolar or bivariate 
(Aaker, Drolet, & Griffin, 2008; Cacioppo, Gardner, & Berntson, 1997; Carroll, Yik, Russell, & 
Barrett, 1999; Diener & Emmons, 1984; Green, Goldman, & Salovey, 1993; Hunter, 
Schellenberg, & Schimmack, 2007;  Larsen, Norris, McGraw, Hawkley, & Cacioppo, 2009; 
Russell, 1979). The bivariate conceptualization process established a constituency based on the 
series of Cacioppo’s studies (Cacioppo & Berntson, 1994; Cacioppo,Gardner, & Berntson, 1997; 
Cacioppo,Gardner, & Berntson , 1999). Bivariate conceptualization research has verified the 
coexistence of mixed emotions and has demonstrated the coexistence of positive and negative 
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attitudes (Aaker, Drolet, & Griffin, 2008; Larsen, McGraw, & Cacioppo, 2001; Larsen, Norris, 
McGraw, Hawkley, & Cacioppo, 2009; Williams & Aaker, 2002).  
In testing of consumer acceptance of food products, the application of bivariate 
conceptualization may offer additional information compared to the conventionally used bipolar 
measurements. The bivariate conceptualization process allows sensory scientists to measure how 
much consumers simultaneously like and dislike products, which cannot be measured in the case 
of current consumer acceptance testing methodologies that forces subjects to mark their 
perception along a single continuum. Researchers’ understanding of consumer liking and 
disliking from the separate measurements of liking and disliking may lead to additional 
guidelines for product development, reformulation or optimization. The bivariate measurements 
can also distinguish whether consumers have ambivalent or neutral percept toward products, 
which cannot be obtained by bipolar measurement.  
Most of the bivariate conceptualization research has been conducted by experimental 
psychologists and consumer behavior researchers, using non-food consumption situations such 
as gambling, photos, music, and the measurement of emotions for certain situations, such as 
graduation date (Herr & Page, 2002; Hunter, Schellenberg, & Schimmack, 2008; Larsen, 
McGraw, & Cacioppo, 2001; Larsen, Norris, McGraw, Hawkley, & Cacioppo, 2009). Drake 
(2009) proposed the 9-point liking and disliking unidirectional scales (LDUS) for rating 
consumer acceptance of foods based on asymmetric liking and disliking decision processes 
proposed by Herr and Page (2002). However, there are no further supporting studies regarding 
the use of the LDUS and the interpretation of data resulting from the use of such scales in 
consumer test setting.  
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The overall goal of this study was to compare the ratings from the 9-point hedonic scale 
and the ratings from the LDUS in a consumer acceptance test setting using food products. The 
specific objectives were to: (1) investigate the coexistence of liking and disliking percepts for 
food products, (2) compare the 9-point hedonic scale and LDUS ratings using multivariate 
statistics, (3) compare the interpretations of consumer preference patterns from the two different 
scale ratings using the internal preference mapping technique, and (4) determine the appropriate 
number of categories for the LDUS using a linear regression model. 
 
 
4.3. Materials and Methods 
Consumer acceptance tests of Korean rice wines 
 Two consumer acceptance tests were conducted using commercial and reformulated 
Korean rice wines (Table 4.1). Three commercial rice wines and three reformulated rice wines 
were tested in each study. Three commercial rice wines consisted of the two most highly 
accepted rice wines (A and F) and one target wine (E), all taken from a previous consumer 
acceptance test. Three reformulated Korean rice wines for each study were brewed by the 
Korean Food Research Institute. The subjects were recruited by email and by flyers placed 
around the campus of the University of Illinois at Urbana-Champaign.  
Approximately 10 mL of each rice wine was poured into 59.2 mL plastic cups (Solo Cup 
Co., Urbana, IL, USA, for Study 1, Dart Container Corporation, Mason, MI, USA, for Study 2) 
that were labeled with random 3-digit codes and covered with plastic lids (Solo Cup Co., Urbana, 
IL, USA, for Study 1, Dart Container Corporation, Mason, MI, USA, for Study 2). The samples 
were placed on a tray and refrigerated (~4 ℃) for approximately one hour prior to the beginning 
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of the test on each testing day. The samples were taken out of the refrigerator approximately 15 
minutes prior to the evaluation and were kept at room temperature (23 ℃ ) until the testing 
began. A total of three sample sets, composed of six rice wines samples, were prepared for the 9-
point hedonic scale, and both LDUS. Both consumer acceptance tests consisted of two 30-minute 
sessions. One session was for the 9-point hedonic scale rating, and the other session was for the 
LDUS ratings. The subjects received one sample set that consisted of six samples for the 9-point 
hedonic scale rating and two sample sets for the liking and disliking unidirectional ratings. These 
sessions and LDUS were presented in randomized order. The samples in each set were presented 
using the Williams design of six samples for the purpose of minimizing the carry-over effect 
(Williams, 1949). The subjects took a 1-minute break after the evaluation of the third sample in 
each sample set, and a 3-minute break after the evaluation of each sample set. 
The evaluations were conducted in individual booths using Compusense five sensory data 
acquisition system (Version 5.0; Compusense, Guelph, Ontario, Canada). Incandescent and 
fluorescent lighting was used during the test. The temperature and relative humidity of the booth 
area were approximately 23 ℃ and 47%, respectively.  
 
Study 1. 
Ninety-six subjects (29 males and 67 females, ages 21 to 45 years) evaluated three 
commercial and three reformulated Korean rice wines. Three reformulated rice wines based on 
Sample E were produced using three different Saccharomyces cerevisiae strains, labeled 89-5-3, 
98-4, and APP-6 for fermentation of the wines (E-R, E-G and E-B). Table 4.1 shows the sample 
information for this study. The verbal and written instructions regarding the use of the LDUS 
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were provided before the start of the sample evaluation. The subjects rated their acceptances of 
liking and disliking using the 9-point LDUS for bivariate measurement (Drake, 2009).  
 
Study 2. 
Ninety-six subjects (40 males and 56 females, ages 21 to 62 years) evaluated three 
commercial and three reformulated Korean rice wines. Three reformulated rice wines based on 
Sample E were produced, using three different Saccharomyces cerevisiae strains, labeled 89-5-3, 
98-2, and 183-2 for fermentation of the wines (E-A, E-B1 and E-C). In addition, nuruk 
(fermentation starter) was dissolved into water, and the portion of the filtered solution was added 
to the rice and water mixture to reduce the yeasty flavor during the brewing process. Table 4.1 
shows the sample information for this study. The samples and the scale presentations were 
randomized in the same way as in Study 1. The subjects rated their acceptance of liking and 
disliking using the 7-point LUS with “0=no opinion” and “6=like (or dislike) extremely” for 
bivariate measurement (Figure 4.1).  
 
Consumer acceptance test of soy-whole-grain beverage 
 The consumer test was conducted at the sensory evaluation facility in the National 
Soybean Research Laboratory located on the campus of the University of Illinois at Urbana-
Champaign. One hundred and forty-four subjects (39 males and 105 females, ages 19 to 56 
years) were recruited through the use of email and by flyers that were placed around campus. 
The subjects evaluated nine lab-made soy-whole grain beverages (Table 4.2) that were produced 
with a 3 x 3 factorial design that used different amounts of soy protein isolate (7.0 g, 10.5g, 14.0 
g) and whole grains (8.0 g, 12.0 g, 16.0 g). They were instructed in the use of the 9-point hedonic 
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scale and the 9-point LDUS, and were verbally told about the two-step rinsing protocol using 
carbonated water and stilled water before and between each sample tasting. The subjects took 1-
minute breaks after tasting every three samples, and 3-minute breaks between each sample set. 
The subjects received three sample sets, composed of 9 samples in each set, during the 
45-minute test session. They evaluated overall acceptance using the 9-point hedonic scale (Yeu, 
Lee, & Lee 2008) and the degree of liking and disliking using the 9-point unidirectional scales, 
(Drake, 2009). The scale presentations of the 9-point hedonic scale, the degree of liking scale, 
and the degree of disliking scale were randomized. The samples were presented using the 
Williams design of 9 samples to prevent the carry-over effect (William, 1949).  
Approximately 15 mL of each sample was poured into each of the 59.2 mL plastic cups 
(Solo Cup Co., Urbana, IL, USA) labeled with random 3-digit codes and covered with plastic 
lids (Solo Cup Co., Urbana, IL, USA). The samples were placed on a tray and refrigerated (~4 ℃ 
) one day prior to each testing day. The samples were moved from the refrigerator to the testing 
area (23 ℃ ) approximately 15 minutes prior to the beginning of the test. The evaluations were 
conducted in individualized booths under incandescent and fluorescent lighting. The room 
temperature in the booth area was approximately 23 ℃. Data were collected using the 
Compusense Commuter (version 2.2, Compusense, Guelph, Ontario, Canada). 
 
Consumer acceptance test of high protein snack 
One hundred subjects (76 females and 24 males, ages 19 to 65 years) were recruited 
through flyers posted around the University of Illinois campus and through e-mail. The 20 
samples that contained different ratios of soy and whey proteins and different amounts of protein, 
were developed using an extruder (Kreger, Lee, & Lee, 2012). 
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The consumer acceptance test consisted of two 30-minute sessions. During the first 
session, the subjects rated the four samples made during the first processing replication in 
random order, using a 9-point hedonic scale. During the second session, the subjects evaluated 
four samples (Table 4.3), labeled 28a, 28e, 43a, and 43e, which had different types of protein 
sources and amounts of protein, using the 9-point LDUS, which were labeled “0=no opinion” 
and “8=like (dislike) extremely”. The order of the LDUS was presented in random order.  
Samples were evaluated in individual booths under incandescent and fluorescent lighting 
at room temperature (23°C). All of the evaluations were completed on computers using 
Compusense five data collection software (Version 5.0, Compusense, Guelph, Ontario, Canada).  
The samples were labeled using three-digit codes and were presented randomly by the Williams 
design to minimize carry-over effect (Williams, 1949). The samples used during the second 
session were presented using the Williams design, which consisted of four samples, in order to 
prevent the carry-over effect. Ten grams of each sample were placed into 59.2 mL plastic soufflé 
cups (Solo Cup Company, Urbana, IL, USA) and covered with lids (Solo Cup Company, 
Urbana, IL, USA). Prior to the first sample, and between each of the samples, the subjects were 
instructed to rinse their mouths first with warm water, then with cool water, and were then asked 
to expectorate all of the samples and all of the rinses into expectoration cups.  The subjects were 
subjected to a two-minute timed break between each set in order to minimize sensory fatigue.     
 
Consumer acceptance test of familiar commercial food products 
 The potential subjects were recruited by email and by flyers posted around the campus of 
the University of Illinois at Urbana-Champaign. Potential subjects were screened to have no 
allergy issues related to all the test products, and consume a minimum of 4 out of 10 test 
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products more than once a month. Ninety-six subjects (68 females and 28 males, ages 18 to 59 
years) who met those prerequisites were selected as the consumer panel. Subjects were asked to 
read instructions, and, prior to the sample evaluation, were given verbal directions on how the 
scales were to be used. The 10 familiar commercial food products - cheese, milk chocolate, 
orange juice, sour gummy worms, plain soymilk, canned peas, raw onion, buttermilk, canned 
sardine, and grapefruit juice - were selected from an on-line survey and group discussion (Table 
4.4). There were two 30-minute sessions, one for the 9-point hedonic scale ratings and one for 
the 7-point LDUS ratings. Each subject received one set of 10 samples for the 9-point hedonic 
scale ratings and two sets of 10 samples for the LDUS ratings. The sessions and unidirectional 
scales were presented in randomized order. The samples were presented using the Williams 
design of 10 samples to minimize the carry-over effect (Williams, 1949). The evaluation was 
conducted in an open discussion area under fluorescent lighting, using the Compusense 
Commuter sensory data acquisition system (Version 3.0; Compusense, Guelph, Ontario, 
Canada). 
 
Data analysis 
 Subjects were counted separately for each sample to discern a pattern in the use of the 
LDUS. They were categorized into three groups: 1) liking and disliking percepts by marking a 0 
on the neither liking nor disliking scale, 2) either a liking or disliking percept by marking a 0 on 
one of the liking and disliking scales, or 3) neither a liking nor disliking percept by marking 0s 
for the liking and disliking scales. A binomial test was conducted between subjects who 
expressed both liking and disliking percepts, and subjects who showed either liking or disliking 
percept using EXCEL (Version 2010, Microsoft Corporation, Redmond, WA, USA) to test the 
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difference in frequency of the use of the scales, both or one. Net differences of ratings between 
liking and disliking (NDLD) were calculated by subtracting disliking ratings from liking ratings 
in order to compare the LDUS ratings and the 9-point hedonic scale ratings using multivariate 
statistics. The range of scale use was calculated by subtracting average ratings from the highest- 
to the lowest-rated products in each study in order to compare the 9-point hedonic scale ratings 
and NDLD. The data from the 9-point hedonic scale and NDLD were analyzed using a 2-way 
analysis of variance (ANOVA), using Proc Glm model in the SAS program (Version 9.1, SAS 
Institute Inc., Cary, NC, USA). Fisher’s least significant difference (LSD) test was conducted in 
order to separate the samples based on their average ratings (p = 0.05). A pairwise comparison 
test was conducted using Fisher’s LSD by XLSTST (Version 2009, Addinsoft, New York, NY, 
USA) in order to determine how many statistically different pairs were generated in each study. 
Internal preference maps were generated using XLSTAT to determine consumer preference 
patterns for the samples. The LDUS ratings from the Korean rice wine (Study 1), soy-whole-
grain beverage, and high protein snack studies were regressed to the 9-point hedonic scale 
ratings using the linear regression model in XLSTST in order to determine the appropriate 
number of categories for the use of the LDUS.   
 
 
4.4. Results and Discussion 
Co-existence of liking and disliking percepts in the evaluation of food products 
 Subjects were generally divided into two groups: a group of subjects who expressed both 
liking and disliking percepts and the other group of subjects who had either the liking or 
disliking percept (Table 4.5). In the evaluation of 31 samples that received average 9-point 
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hedonic scale ratings between “4” and “6”, the majority of the subjects demonstrated that they 
had both liking and disliking percepts manifested by their utilization of LDUS. A binomial test 
between subjects who had both liking and disliking percepts versus subjects who had either 
liking or disliking percept was conducted for each sample. The results showed that 25 out of 31 
cases were statistically significant at p = 0.05 level. These findings support that consumers prefer 
to express both liking and disliking percepts in the evaluation of food products that had a 
moderate level of acceptance. In the evaluation of samples that were highly-liked (milk chocolate, 
orange juice, and sour gummy worms) or highly-disliked (buttermilk), the majority of the 
subjects preferred to express either a liking or disliking percept in the measurement of their 
acceptance. The binomial test for these products showed statistical significance at p = 0.05. This 
finding could be explained by the dominance of either liking percept or disliking percept for 
those products.  
 Only a negligible number of subjects had a neither liking nor disliking percept (neutral) 
by marking 0 (“no opinion”) on both LDUS (Table 4.5). The number of subjects who marked 0 
on both LDUS was generally lower than the number of subjects who marked the “neither like nor 
dislike” category (rating of 5) on the 9-point hedonic scale. An average of 2% of the subjects 
rated samples as “neither like nor dislike,” using the LDUS. On the other hand, an average of 10% 
of the subjects marked the “neither like nor dislike” category from the 9-point hedonic ratings. 
This suggested that subjects who liked and disliked the samples equally (ambivalence) selected 
the “neither like nor dislike” category on the 9-point hedonic scale, because this was the only 
option available that related to equal acceptance of liking and disliking.  
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Comparison of sample discrimination  
 The F-ratios of samples from ANOVA, the number of groups from LSD, and the LSD 
pair-wise comparison test have been commonly used in scale comparison studies (Hein, Jaeger, 
carr, & Delahunty, 2008; Lawless, Pepper, & Kroll, 2010; Villanueva, Petenate, & Da Silva, 
2005; Villanueva &Da Silva, 2009), which are presented in Table 4.6. The F-ratio of the sample 
relates to the sample discrimination ability. The LSD grouping shows how many statistically 
different samples exist in each test. The pairwise comparison test shows how many statistically 
different pairs of samples existed in each test. The higher the values of these tests demonstrate 
better sample discrimination performance in the group of samples. The results demonstrated that 
it is difficult to determine which method had better sample discrimination performance based on 
the general trends of the results from F-ratios, LSD groups, and pair-wise comparisons. There 
was no significant trend in sample discrimination performance between the two scale methods. 
The 9-point hedonic scale showed better performance in the Korean rice wine study (Study 1), 
and NDLD showed better performance in the high protein snack and familiar commercial food 
product studies. No consistent pattern of superiority of one method over the other was observed 
in the soy-whole-grain beverage and Korean rice wine (Study 2) studies. 
 The average rating of each sample from the 9-point hedonic ratings and NDLD, and the 
rank order for each study are presented in Tables 4.7 to 4.11. It is not surprising that NDLD 
exhibited larger differences than in the 9-point hedonic scale ratings between the most- and the 
least-accepted products. The NDLD in Korean rice wine (Study 1), soy-whole-grain beverage, 
and high protein snack studies had 17 categories and the NDLD in Korean rice wine (Study 2) 
and familiar commercial food product studies had 13 categories, while the 9-point hedonic scale 
had 9 categories. Subjects would have stretched their range in the use of the scale as the number 
 78 
 
of categories increased. When the range in each study was divided into the number of categories, 
the 9-point hedonic scale and NDLD showed similar results for all studies (p = 0.999). Thus, the 
difference between the two methods is merely due to the differences in the numbers of categories 
that were used.  
The rank orders were the same between the two methods in general, except in the case of 
the soy-whole-grain beverage study. Korean rice wine study (Study 2) was identical between the 
two methods. The most and least accepted samples in Korean rice wine (Study 1), high protein 
snack, and familiar commercial food product studies were identical between the two methods. 
There were only three occurrences of different rank orders from the entire study, with the 
exception of soy-whole-grain beverage study: Samples E and E-R appear on Table 4.7, Samples 
28e and 43e are listed on Table 4.10, and cheddar cheese and soymilk can be seen on Table 8.  
The results from soy-whole-grain beverage study showed inconsistencies in rank order 
between the two scale methods (Table 4.9). The reason might be related to the subtle differences 
among the samples. The most- and the least-accepted products among the nine samples had a 
0.77 point difference on the 9-point hedonic scale rating, and a 1.18 point difference on the 
NDLD. The similarity among the samples might be the cause for the inconsistency in the order 
of preferences between the two ratings. The key difference in the samples - the amounts of soy 
protein isolate and whole grains - did not allow the subjects to clearly distinguish the samples, 
and consequently the scores were all relatively similar.   
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Interpretation of consumer data from the 9-point hedonic scale and the liking and disliking 
unidirectional scales 
 The internal preference maps for Korean rice wine study (Study 1) were generated from 
the 9-point hedonic scale and the 9-point modified LDUS ratings (Figure 4.3). In this study, the 
target samples were the original rice wine (Sample E), and the modified rice wines (Samples E-R, 
E-G, E-B).  The consumer preferences from the 9-point hedonic scale showed the strongest 
consumer preference toward Sample A, and the second strongest preference for Sample E. Only 
a few consumers preferred reformulated samples: E-R, E-B, and E-G. This interpretation might 
lead to conclude that all three modified rice wines (E-R, E-G, E-B) do not have the potential to 
be optimized.  
The interpretation of the LDUS ratings, however, offers supplementary information, 
which might facilitate a better understanding of consumer preferences toward the rice wine 
samples tested. Sample E showed different preference patterns on the internal preference maps 
from the LDUS ratings. Some consumers showed preferences toward Sample E in the internal 
preference map generated from the liking unidirectional scale ratings, which was similar to the 
internal preference map derived from the 9-point hedonic scale ratings. The internal preference 
map from the disliking unidirectional scale represented a strong consumer dislike of sample E. 
The interpretation of Sample E would lead to the conclusion that consumers have both liking and 
disliking percepts in this sample. With the findings, product reformulation or modification can be 
focused on removing the disliked characteristics of the samples. Samples E-R, E-G and E-B are 
reformulated samples based on Sample E. The internal preference maps from the liking and 
disliking ratings presented additional information when compared to the information provided by 
the internal preference map that was generated by the 9-point hedonic scale ratings. There was a 
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group of consumers that showed their preference toward Samples E-R, E-G, and E-B from the 
internal preference map of the liking unidirectional ratings. There was also a group of consumers 
exhibiting a dislike of samples E-G and E-B on the internal preference map, as taken from the 
disliking unidirectional scale ratings. Sample E-R was skewed away from the disliking direction 
of the consumers, suggesting that this sample may be the sample to target for a future 
optimization study.  
The internal preference maps from Korean rice wine study (Study 2) also demonstrated a 
similar interpretation pattern to the Study 1 with regard to Sample E-C (Figure 4.4). There was 
no direction of consumer preference toward Sample E-C on the internal preference map of the 9-
point hedonic scale ratings. On the other hand, consumers showed a preference toward Sample 
E-C, and this sample trended away from the direction of consumers’ disliking in the internal 
preference maps of separate liking and disliking measurements.  
 
Determination of the number of categories for the unidirectional scale 
 The first LDUS for measuring consumer acceptance was a 9-point category scale by 
Drake (2009). The number of categories may have been adapted from the 9-point hedonic scale. 
Few subjects used the extreme ends of the categories throughout Korean rice wine study (Study 
1), soy-whole-grain beverage study, and high protein snack studies that utilized the 9-point 
LDUS. This would imply that nine categories could be too wide of a range when the 
unidirectional scale is applied. In survey studies, five- and seven-category scales were the most 
common scales employed among the Likert-style scales (Malhotra & Peterson, 2006). 
The ratings derived from the 9-point LDUS were regressed onto the 9-point hedonic scale 
ratings to determine how many categories would be appropriate for the LDUS to cover the 9-
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point hedonic scale range (Table 4.12). A one-point increase in the 9-point hedonic scale meant 
that the liking unidirectional scale increased 0.60 and the disliking unidirectional scale decreased 
0.83. This result supports the notion that the 9-point unidirectional scales have a broader range in 
comparison with the 9-point hedonic scale. With our findings from the regression, 7-point scale 
was proposed and utilized for the LDUS in subsequent studies. 
 
 
4.5. Conclusions 
 The discovery of the bivariate attitude in the evaluation of acceptance of foods generates 
an irony with respect to using the “neither like nor dislike” descriptor located at the center of the 
9-point hedonic scale. The liking and disliking percepts cannot co-exist under the assumption of 
bipolarity. Due to this assumption, the same intensities of liking and disliking percepts has been 
misinterpreted as a neutral percept in consumer acceptance testing when using the 9-point 
hedonic scale. The bivariate conceptualization process is a more natural conceptual process in 
the determination of liking and disliking percepts in the evaluation of food products, because 
subjects are allowed to have both percepts.  
Sensory scientists may use either the LDUS or 9-point hedonic scale in the case of highly 
liked or disliked products. Subjects tend to have either liking or the disliking percept and express 
it by using just one of the LDUS for the evaluation of highly liked or disliked products due to the 
predominance of either one of the percepts.   
 The LDUS ratings generated supplementary interpretations of consumer preference 
patterns compared to the 9-point hedonic scale ratings. In particular, the supplementary 
interpretation allowed for a finer tweak of the products in the optimization process. However, 
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one drawback was recognized in the use of the LDUS during this study: the evaluation process in 
measuring the acceptance of liking and disliking requires double the amount of sample 
preparation and evaluation time, as the liking and disliking percepts should be measured 
separately. Therefore, additional research on minimizing the resources and testing time for the 
LDUS is necessary for this method to be efficiently used in practical settings.  
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4.7. Tables and Figures 
 
Table 4.1. Sample, ingredient and alcohol content of Korean rice wines that were used for 
two consumer acceptance tests (Kwak, Ahn, Lee, Kreger, & Lee, 2012) 
Sample Ingredient 
Alcohol content 
(%) 
Study 1, 2 
  
A  Non-glutinous rice, potato, nuruk, Cornus officinalis SIEB, 
Crataegus pinnatifida BUNGE 
14 
F  Glutinous rice, nuruk 13 
E  Non-glutinous rice, glutinous rice, Chrysanthemum indicum L 13 
  
 
Study 1 
 
 
E-R Glutinous rice, non-glutinous rice, Chrysanthemum indicum, 
Saccharomyces cerevisiae 89-5-3 
13 
E-B Glutinous rice, non-glutinous rice, Chrysanthemum indicum, 
Saccharomyces cerevisiae 98-4 
13 
E-G Glutinous rice, non-glutinous rice, Chrysanthemum indicum, 
Saccharomyces cerevisiae APP-6 
13 
   
Study 2 
  
E-A Glutinous rice, nuruk, malt, Saccharomyces cerevisiae 89-5-3  13 
E-B1 Glutinous rice, nuruk, malt, Saccharomyces cerevisiae 98-2  13 
E-C Glutinous rice, nuruk, malt, Saccharomyces cerevisiae 183-2 13 
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Table 4.2. Ingredient formulation of 9 soy-whole-grain beverage samples
a
 
Sample Type of product
b % soy protein  
isolate (SPI) 
% whole 
grain  
(WG)
c
 
% water 
LSLW Low SPI, low WG 2.92  3.33  90.14  
LSMW Low SPI, medium WG 2.92  5.00  88.47  
LSHW Low SPI, high WG 2.92  6.67  86.80  
MSLW Medium SPI, low WG 4.38  3.33  88.68  
MSMW Medium SPI, medium WG 4.38  5.00  87.01  
MSHW Medium SPI, high WG 4.38  6.67  85.35  
HSLW High SPI, low WG 5.83  3.33  87.22  
HSMW High SPI, medium WG 5.83  5.00  85.55  
HSHW High SPI, high WG 5.83  6.67  83.89  
a
All samples also included 3.33% sugar, 0.1% stabilizer, 0.03% salt, 0.15% masking agent. 
b
SPI means soy protein isolate. WG means whole grain. 
c
The composition of whole grains are 70% brown rice, 7.5% oat, 7.5% barley, 7.5% rye, and 7.5% millet. 
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Table 4.3. Ingredient formulation of 4 high protein snack samples 
Ingredients (% w/w)
a
 28a 28e 43a 43e 
Corn Meal 66.62 66.62 48.55 48.55 
WPI 95 17.36 0 25.43 0 
WPC 80 8.56 0 18.56 0 
SPI 90 0 25.93 0 44 
Salt 2.95 2.95 2.95 2.95 
Sucralose 0.00017 0.00017 0.00017 0.00017 
Oil 3 3 3 3 
Parmesan Flavor 1.5 1.5 1.5 1.5 
a
WPI, WPC, and SPI means whey protein isolate, whey protein concentrate, and soy protein isolate, respectively. 
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Table 4.4. Products information for the consumer acceptance test of familiar commercial 
food products 
Product Manufacturer 
Cheddar cheese Grand Reserve Cheddar Cheese (Black Diamond Cheese Limited, 
Belleville, Ontario, Canada) 
Milk chocolate Milk chocolate (The Hershey Company, Hershey, PA, USA) 
Orange juice Pulp Free Simply Orange (The Simply Orange Juice Company, 
Apopka, FL, USA) 
Sour gummy worm Sour coated gummy worm (Schnucks, St. Louis, MO, USA) 
Soymilk Plain soymilk (WhiteWave Foods, Bloomfield, CO, USA) 
Canned pea Sweet peas (Del Monte Foods, San Francisco, CA, USA) 
Raw onion Spanish onion 
Buttermilk Buttermilk (Prairie Farms Dairy, Incorporated, Carlinville, IL, USA) 
Canned sardine Sardines in water (Bumble Bee Foods, LLC, San Diego, CA, USA) 
Grapefruit juice 100% Ruby Red Grapefruit Juice (Tropicana Product Inc., Chicago, 
IL, USA) 
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Table 4.5. Number of subjects who had liking and disliking percepts, either liking or 
disliking percept, or neither liking nor disliking percept (neutral), and the probability of 
binomial test between the subjects who used both liking and disliking unidirectional scales 
(LDUS) and who used either liking or disliking unidirectional scale 
Sample 
Attitude 
Binomial test 
probability
a
 
Both 
Liking and 
disliking  
Either 
Liking or 
disliking  
Neither 
liking nor 
disliking 
Korean rice wine (Study 1)
 †
 
    
A 59 33 4 0.00* 
F 71 24 1 0.00* 
E 55 39 2 0.06 
E-R 62 30 4 0.00* 
E-G 64 32 0 0.00* 
E-B 61 29 6 0.00* 
 
    
Korean rice wine (Study 2)
 †
 
    
A 44 51 1 0.27 
F 51 43 2 0.24 
E 46 46 4 0.54 
E-A 53 42 1 0.15 
E-B1 58 37 1 0.02* 
E-C 56 37 3 0.03* 
     
Soy-whole-grain beverage
††
 
    LSLW 108 33 3 0.00* 
LSMW 95 46 3 0.00* 
LSHW 96 45 3 0.00* 
MSLW 103 38 3 0.00* 
MSMW 96 41 7 0.00* 
MSHW 103 38 3 0.00* 
HSLW 98 43 3 0.00* 
HSMW 102 40 2 0.00* 
HSHW 99 39 6 0.00* 
     
High protein snack
†††
     
28a 59 37 4 0.02* 
28e 72 25 3 0.00* 
43a 59 40 1 0.03* 
43e 71 29 0 0.00* 
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(Table 4.5., continued) 
     
Familiar commercial food 
product
††††
     
Cheddar cheese 57 38 1 0.03* 
Milk chocolate 19 77 0 0.00* 
Orange juice 28 68 0 0.00* 
Sour gummy worm 31 65 0 0.00* 
Soymilk 58 36 2 0.01* 
Canned pea 60 36 0 0.01* 
Raw onion 69 26 1 0.00* 
Buttermilk 35 60 1 0.01* 
Canned sardine 54 42 0 0.13 
Grapefruit juice 71 25 0 0.00* 
a *
indicates the statistical significance at p = 0.05 between the number of subjects who had both liking and disliking 
percepts and who had either liking or disliking percept. 
b 
L, M, and H indicate low, medium, and high, respectively. S and H indicate soy protein isolate and whole grain, 
respectively. 
† 
Refer to Table 4.1 for sample codes. 
†† 
Refer to Table 4.2 for sample codes.
 
††† 
Refer to Kwak and others, and Kregers and others (Kwak, Ahn, Lee, Kreger, & Lee, 2012; Kreger, Lee, & Lee, 
2012) for sample information. 
†††† 
Refer to Table 4.3 for sample information.
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Table 4.6. Comparison of the statistical analysis results of F-ratio of sample variation, 
Fisher’s least significant difference test (LSD groups) of samples, and pairwise comparison 
test of pair of samples from the 9-point hedonic rating and the net difference of liking and 
disliking ratings (NDLD)
a
 
 
Scale 
 
9-pt hedonic scale NDLD 
Korean rice wine (Study 1)   
F-ratio 4.1 2.6 
LSD groups 4 2 
Pairwise comparison test 15 8 
   
Korean rice wine (Study 2)    
F-ratio 21.3 24.2 
LSD groups 4 5 
Pairwise comparison test 12 11 
   
Soy-whole-grain beverage   
F-ratio 16.2 13.6 
LSD groups 3 4 
Pairwise comparison test 9 10 
   
High protein snack   
F-ratio 2.8 9.8 
LSD groups 2 2 
Pairwise comparison test 1 4 
   
Familiar commercial food product 
  
F-ratio 92.9 96.9 
LSD groups 6 8 
Pairwise comparison test 40 40 
a
LSD and pairwise comparison were conducted at p = 0.05. 
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Table 4.7. Mean acceptance ratings of 96 subjects and rank order from the 9-point hedonic 
scale and the net difference of the 9-point liking and disliking unidirectional scales (NDLD) 
of Korean rice wines (Study 1) 
Sample 
9-point hedonic scale Liking and disliking unidirectional scales 
Rating
†
 Rank Rating
†
 Rank 
A 6.31a 1  1.81a 1 
F 4.93b 2  0.08b 2 
E 4.76b 3 -1.15cd 4 
E-R 4.73b 4  0.03b 3 
E-G 4.61b 5 -0.48bc 5 
E-B 3.91c 6 -1.76d 6 
LSD
†
 0.55  0.93  
†Means with the same letter within the column are not significantly different at α = 0.05 by Fisher’s least significant 
difference (LSD). 
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Table 4.8. Mean acceptance ratings of 96 subjects and rank order from the 9-point hedonic 
scale and the net difference of the 7-point liking and disliking unidirectional scales (NDLD) 
of Korean rice wines (Study 2) 
Sample 
9-point hedonic scale Liking and disliking unidirectional scales 
Rating
†
 Rank Rating
†
 Rank 
A 5.98a 1  2.04a 1 
F 5.45b 2  0.66b 2 
E 4.30c 5 -0.90de 5 
E-A 4.35c 4 -0.29cd 4 
E-B1 3.59d 6 -1.58e 6 
E-C 4.76c 3  0.19bc 3 
LSD
†
 0.52  0.72  
†
Means with the same letter within the column are not significantly different at α = 0.05 by Fisher’s least significant 
difference (LSD). 
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Table 4.9. Mean acceptance ratings of 144 subjects and rank order from the 9-point 
hedonic scale and the net difference of the 9-point liking and disliking unidirectional scales 
(NDLD) of soy-whole grain beverages 
Sample
†
 
9-point hedonic scale Liking and disliking unidirectional scales 
Rating
††
 Rank Rating
††
 Rank 
LSLW 4.64bc 6 -0.03b 5 
LSMW 4.56cd 8 -0.33b 7 
LSHW 4.33d 9  0.056b 3 
MSLW 5.08ab 2 -0.15b 6 
MSMW 5.07ab 3  0.74a 1 
MSHW 5.10a 1  0.08b 2 
HSLW 4.81abc 4 -0.39b 8 
HSMW 4.59cd 7 -0.44b 9 
HSHW 4.72bc 5  0.05b 4 
LSD
††
 0.37  0.62  
†
L, M and H mean low, medium, and high, respectively. S and W mean soy and whole grains, respectively. 
††
Means with the same letter within the column are not significantly different at α = 0.05 by Fisher’s least significant 
difference (LSD). 
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Table 4.10. Mean acceptance ratings of 100 subjects and rank order from the 9-point 
hedonic scale and the net difference of the 9-point liking and disliking unidirectional scales 
(NDLD) of high protein snacks 
Sample 
9-point hedonic scale Liking and disliking unidirectional scales 
Rating
†
 Rank Rating
†
 Rank 
28a 5.32a 1  1.37a 1 
28e 5.07ab 3  0.89a 2 
43a 4.55b 4 -0.82b 4 
43e 5.08ab 2 -0.04b 3 
LSD
†
 0.54  0.87  
†
Means with the same letter within the column are not significantly different at α = 0.05 by Fisher’s least significant 
difference (LSD). 
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Table 4.11. Mean acceptance ratings of 96 subjects and rank order from the 9-point 
hedonic scale and the net difference of the 7-point liking and disliking unidirectional scales 
(NDLD) of familiar commercial food products 
Sample 
9-point hedonic scale Liking and disliking unidirectional scales 
Rating
†
 Rank Rating
†
 Rank 
Milk chocolate 8.11a 1  4.91a 1 
Orange juice 7.69ab 2  4.34ab 2 
Sour gummy worm 7.49b 3  3.84b 3 
Cheddar cheese 6.16c 4  1.72cd 5 
Plain soymilk 6.11c 5  2.04c 4 
Canned pea 5.53d 6  1.07de 6 
Grapefruit juice 5.42d 7  0.57e 7 
Onion 4.18e 8 -0.71f 8 
Canned sardine 4.01e 9 -1.50g 9 
Buttermilk 2.35f 10 -3.65h 10 
LSD
†
 0.64  0.66  
†
Means with the same letter within the column are not significantly different at α = 0.05 by Fisher’s least significant 
difference (LSD). 
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Table 4.12. Linear regression of the mean liking and disliking unidirectional scale ratings 
from Korean rice wine (study1), soy-whole-grain beverage, and high protein snack studies 
to the mean ratings of the 9-point hedonic scale ratings 
9-point hedonic 
scale rating 
Corresponding rating on 
degree of liking scale
†
 
Corresponding rating on degree 
of disliking scale
††
 
1 0.54 6.10 
2 1.14 5.27 
3 1.74 4.44 
4 2.34 3.61 
5 2.94 2.78 
6 3.54 1.95 
7 4.14 1.12 
8 4.74 0.29 
9 5.34 -0.54 
R² 0.64 0.64 
† 
The linear regression model between the 9-point hedonic scale and the liking unidirectional scale was ‘Like = 0.60 
x (9-point hedonic scale rating) - 0.062’ 
†† 
The linear regression model between the 9-point hedonic scale and the disliking unidirectional scale was ‘Dislike 
= 6.93-0.83 x (9-point hedonic scale rating) + 6.93.’ 
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opinion  
Like 
extremely 
Liking unidirectional scale 
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extremely 
Disliking unidirectional scale 
Figure 4.1. The 7-point liking and disliking unidirectional scales 
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Figure 4.2. The modified 9-point liking and disliking unidirectional scales 
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Figure 4.3 (cont. on next page) 
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Figure 4.3. Internal preference maps from (a) the 9-point hedonic scale ratings, (b) the 9-
point liking unidirectional scale ratings, and (c) the 9-point disliking unidirectional scale 
ratings for Korean rice wines (Study 1). Refer to Table 4.1 for sample codes.   
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Figure 4.4 (cont. on next page) 
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Figure 4.4. Internal preference maps from (a) the 9-point hedonic scale ratings, (b) the 7-
point liking unidirectional scale ratings, and (c) the 7-point disliking unidirectional scale 
ratings for Korean rice wines (Study 2). Refer to Table 1 for sample codes. 
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CHAPTER 5 – SCALE PRESENTATIONS FOR CONSUMER ACCEPTANCE 
TESTING USING BIVARIATE CONCEPTUALIZATION 
 
5.1. Abstract 
 Selecting an appropriate test design can influence test results, time, and costs.  
The liking and disliking unidirectional scales based on the bivariate conceptualization require 
more sample preparation and testing time when compared to the 9-point hedonic scale, as 
panelists are required to provide input on two scales for the bivariate measurement. This 
requirement may limit the wide use of the bivariate measurement although it may reflect 
consumer acceptance of liking and disliking percepts more precisely than the 9-point hedonic 
scale. The objective of this study was to investigate different test designs of bivariate 
measurements that may require less amount of test preparation and time, and consequently to 
compare the results obtained from the new approaches to that of the original bivariate 
measurement method used in our previous study.  
Three scale presentation methods – monadic scale presentation (MSP) which was the 
original method used, evaluative space grid (ESG), and consecutive scale presentation (CSP) 
methods - were assessed using 4 high protein snacks, 6 Korean rice wines, and 10 familiar 
commercial food products. The MSP and the ESG methods were found to result in similar 
distribution fittings, sample discrimination performance, and ranking order. Thirty-two out of 
forty samples exhibited, statistically, the same results between the two methods (p > 0.05). The 
comparison between the MSP and the CSP also revealed similar distribution fittings, sample 
discrimination performance, and ranking order among the 10 familiar commercial foods. No 
sample exhibited significant differences in the mean ratings derived from the two methods 
involving familiar commercial food products. The MSP can be replaced by the ESG or the CSP 
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in order to minimize testing time and resources. Further research may be necessary to validate 
the hypothesis that comparable results could be obtained from the CSP as the MSP when novel 
food products are evaluated.  
 
Key Words: scale presentation, separate scale presentation, evaluative space grid, simultaneous 
scale measurement, bivariate conceptualization, cognitive process 
 
 
5.2. Introduction 
 Selecting an appropriate test design for sensory evaluation influences test results, time, 
and costs (Komanska, 1990). How the scales are presented to the subjects is one of the key 
factors that influence the time and resources required for testing. In the field of psychology, scale 
presentation studies have been widely studied. Psychological studies have been focused on 
investigating human cognitive processes, the relative or absolute measurement, during their 
sample evaluation (Mellers, 1983; Zwislocki & Goodman, 1980). Studies on cognitive processes 
in sensory science have mostly been conducted through descriptive analyses and consumer 
acceptance tests (Colyar, Eggett, Steele, Dunn, & Ogden, 2009; Ishii, Chang, & O’Mahony, 
2007; Ishii, Stampanoni, & O'Mahony, 2008; Komanska 1990; Saint-Eve, Levy, Martin, & 
Souchon, 2006). However, most of the previous studies have focused on the differences across 
various sample presentations, but not scale presentations.  
 When consumer acceptance is measured based on the bivariate conceptualization process, 
liking and disliking percepts are evaluated separately; thus, the opportunity to examine different 
scale presentation methods arise. The presentation of the scales is related to which cognitive 
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process the subjects may apply when using the liking and disliking unidirectional scales (LDUS): 
absolute, relative, or mixed processes. The scale presentation will influence the time and 
resources required for sample preparation and testing; consequently, will have an effect on the 
prevalence of the use of the bivariate conceptualization for consumer acceptance tests.   
The first scale presentation method is the monadic scale presentation (MSP). This method 
uses the same cognitive process as the monadic sample presentation method, which has been 
previously studied in consumer acceptance testing and descriptive analyses (Ishii, Stampanoni, & 
O'Mahony, 2008; Mazzucchelli & Guinard 1999). In sample presentation research, subjects 
evaluate all attributes or questions for a product and then move on to the next sample. Therefore, 
subjects determine their level of acceptance and/or evaluations based on their frame of reference 
or expectations, which is known as the “absolute cognitive process” (Gacula, Rutenbeck, 
Campbell, Giovanni, Cardze, & Il, 1986; Zwislocki and Goodman, 1980). Monadic sample 
presentation has been shown to be sufficiently sensitive, produce less fatigue among subjects, 
and can be carried out more rapidly than is the case with the simultaneous sample presentation 
method (Ishii, Stampanoni, & O'Mahony, 2008; Mazzucchelli & Guinard 1999). This method is 
also appropriate when sensory scientists need to handle a large number of samples (Saint-Eve, 
Levy, Martin, & Souchon, 2006). However, when the monadic presentation method is applied to 
scale presentation, additional sample preparation and testing time for the consumer acceptance 
test is necessary. Since the acceptance of foods should be measured by subjects’ frame of mind, 
one set of samples is offered to measure liking and another is presented to measure disliking - 
that is, having two sets of samples prevents any interaction between the two scale measurements. 
Therefore, two sample sets are required for the MSP in bivariate conceptualization, which 
 107 
 
represents additional sample preparation and testing time when compared to the traditional 
bipolar scale, the 9-point hedonic scale.  
 The second scale presentation method is the evaluative space grid model (ESG) (Larsen, 
Norris, McGraw, Hawkley, & Cacioppo, 2009). This is a new scale presentation method for 
measuring consumer acceptance on the basis of the bivariate conceptualization process. The ESG 
is composed of LDUS in a 2-dimensional plot by presenting a positive unidirectional scale on 
one axis and a negative unidirectional scale on the other, in a situation in which the two axes are 
orthogonal. Subjects are forced to simultaneously consider positive and negative aspects and are 
asked to mark their opinions as a single point on a plot in which their levels of positivity and 
negativity intersect. Previous studies have shown that the results derived from the ESG were 
comparable with the results obtained from the dichotomous-then-unipolar scale (monadic scale 
presentation), a strict form of unidirectional scale presentation, in a study of gambling (Larsen, 
Norris, McGraw, Hawkley, & Cacioppo, 2009). The ESG has been successfully used to measure 
ambivalent attitudes or emotions, such as happy/joyful/glad and afraid/scared/alarmed, happy 
and sad, as well as pleasant and unpleasant (Andrade & Cohen, 2007; Hunter, Schellenberg, 
&Schimmack, 2008). The cognitive process used by the ESG would be a relative model (Ishii, 
Chang, & O’Mahony, 2007), because, when subjects use the liking part from the ESG to rate 
how much they like a product, their ratings will influence the disliking part of the ESG, which 
appears on the other axis, and vice versa for the disliking evaluation.  
The third scale presentation method is the consecutive scale presentation (CSP). This 
method is used in experimental psychology to measure pairs of emotions, such as positive and 
negative, and happy and sad, using unidirectional scales (Kaplan 1972; Cacioppo & Berntson, 
1994; Cacioppo,Gardner, & Berntson, 1997; Cacioppo, Gardner, & Berntson , 1999; 
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Schimmack, 2001). In this scale presentation, subjects will taste a sample and then use LDUS 
presented one-by-one consecutively in random order, then move on to the next sample. The 
cognitive process for this method would be situated somewhere between the MSP and the ESG. 
When subjects rate a sample using the first scale presented, their cognitive process is the same as 
the MSP. When subjects use the second scale consecutively with the same sample, their 
cognitive process would be a relative process, because their evaluation from the second scale 
will be influenced by the evaluation from the first scale.  
 There are few studies that have applied the bivariate conceptualization process in the 
field of consumer sensory science. There are no studies, thus far, on the comparison of different 
scale presentation methods when bivariate conceptualization is employed in consumer tests. The 
objective of this study is to compare the results using the three different scale presentation 
methods – monadic scale presentation (MSP), evaluative space grid (ESG), and consecutive 
scale presentation (CSP) in consumer acceptance test setting when liking and disliking are 
measured separately.  
 
 
5.3. Materials and Methods 
Consumer acceptance test of high-protein snack 
The consumer acceptance test was conducted in the sensory lab on the campus of the 
University of Illinois at Urbana-Champaign, with 100 subjects (76 females and 24 males, ages 19 
to 65 years). The consumer acceptance test was composed of one 30-minute session. Prior to the 
session, subjects were instructed on how to use the scales. Subjects evaluated 4 samples (Table 
5.1), which had different types of protein sources and amounts of protein - using the 9-point 
LDUS (Figure 5.2) (Drake, 2009) and the 9-point ESG (Figure 5.3). Three sample sets composed 
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of 4 samples each were presented: 2 sets for the LDUS and 1 set for the ESG. The scale 
presentation order between the LDUS and ESG were randomized.  
Samples were evaluated in individual booths under incandescent and fluorescent lighting 
at room temperature (23℃). The ratings of the LDUS were completed on computers using 
Compusense five data collection software (Version 5.0, Compusense, Guelph, Ontario, Canada). 
Paper ballots were used for the ESG ratings. The samples were presented using the Williams 
design for four samples to minimize the carry-over effect (Williams, 1949). Ten grams of each 
sample were placed into 59.2 ml. plastic soufflé cups (Solo Cup Company, Urbana, IL, USA) 
and covered with lids (Solo Cup Company, Urbana, IL, USA).  Subjects were instructed to rinse 
their mouths before the first sample and in between each of the samples with warm water 
(Absopure, Absopure Water Company, Plymouth, MI, USA), followed by cool water (Absopure, 
Absopure Water Company, Plymouth, MI, USA). 
 
Consumer acceptance test of Korean rice wines 
 Ninety-six subjects (40 males and 56 females, ages 21 to 62 years) participated in the 
consumer acceptance test for Korean rice wines. The samples were purchased or manufactured 
by the Korean Food Research Institute and shipped to the campus of the University of Illinois at 
Urbana-Champaign. A total of six samples included: two rice wines with high consumer 
acceptance ratings in a previous study (Samples A and F); a rice wine targeted for modification 
(Sample E) which obtained a low-average acceptance rating from U.S. consumers in a previous 
study; and three modified versions (Samples E-A, E-B1, and E-C) of the target wine, which 
featured three additional but different Saccharomyces cerevisiae strains, labeled 89-5-3, 98-2, 
and 183-2, for the fermentation process to reduce yeasty characteristics. In addition, nuruk 
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(fermentation starter) was dissolved into the water, and the filtered solution portion was added to 
the rice and water mixture to reduce the yeasty flavor during the brewing process as well. The 
sample codes, ingredients, and alcohol content of the wines are shown in Table 5.2. 
 The consumer test consisted of two 30-minute sessions. Verbal and written instructions in 
the use of the scales were provided for each session before the commencement of the sample 
evaluations. During the first session, the subjects rated 6 samples using the 7-point ESG. The 
degree of liking ranged from 0 (no opinion) to 6 (like extremely) on the x-axis, from left to right. 
The degree of disliking ranged from 0 (no opinion) to 6 (dislike extremely) on the y-axis from 
top to bottom on the ESG ballot (Figure 5.4). During the second session, subjects rated samples 
using the 7-point LDUS. The scale was labeled from 0 (no opinion) to 6 (like or dislike 
extremely) (Figure 5.5). Subjects received two sets of 6 samples for liking and disliking 
evaluations. Half of the group conducted the first session followed by the second session. The 
other half of the group did opposite way.  
 Approximately 10 mL of each type of rice wine was poured into 59.2 mL plastic cups 
(Dart Container Corporation, Mason, MI, USA) labeled with random 3-digit codes and covered 
with plastic lids (Dart Container Corporation, Mason, MI, USA). On each testing day, rice wine 
samples were prepared in the morning prior to the testing sessions. Six rice wine samples were 
placed on a tray and refrigerated (approximately 4 ℃). Samples were taken out of the refrigerator 
approximately 5 minutes prior to the evaluation and were kept at room temperature (23 ℃) until 
tested. The samples were presented using the Williams design of six samples minimize carry-
over effect (William, 1949). All of the evaluations were conducted in individual booths with 
incandescent and fluorescent lighting. Data from the 7-point LDUS were collected using the 
Compusense five sensory data acquisition system (Version 5.0; Compusense, Guelph, Ontario, 
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Canada). The ESG was conducted using paper ballots. The temperature and relative humidity of 
the booth area were approximately 23 ℃ and 47%, respectively. 
 
Consumer acceptance test of familiar commercial food products 
 Ten familiar commercial food products that have wide range of consumer acceptance 
were selected from the on-line survey with 234 participants (179 females and 55 males, ages 18 
to 70 years) and group discussion (8 food scientists). The finalized products were cheddar 
cheese, milk chocolate, orange juice, sour gummy worms, plain soymilk, canned peas, onion, 
buttermilk, canned sardines, and grapefruit juice (Table 5.3).   
 Ninety six subjects (68 females and 28 males, ages 18 to 59 years) were recruited by 
email and by flyers posted on the campus of the University of Illinois at Urbana-Champaign. 
These subjects had no allergy issues related to the products and consumed at least 4 out of the 10 
test products more than once a month. Subjects evaluated 10 samples that were determined from 
an on-line survey. There were 3 separate 30-minute sessions, using different acceptance 
measurement scales. The scales used were the MSP of the 7-point LDUS, the 7-point ESG, and 
the CSP of the 7-point LDUS. Before the start of each session, subjects were asked to read the 
instructions and were given verbal instructions regarding the use of the scales. Subjects took 3-
minute breaks after fifth sample in each set and after each set to minimize fatigue. 
 Samples were presented using the Williams design of ten samples to minimize carryover 
effect (Williams, 1949). The consumer test was conducted in an open discussion area. Ratings 
from the MSP and the CSP were collected using the Compusense Commuter sensory data 
acquisition system (Version 3.0; Compusense, Guelph, Ontario, Canada) under incandescent 
lighting. Ratings from the ESG were collected using paper ballots.  
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Data analysis 
 The Kolmogorov-Smirnov test was conducted for the distribution test between the 
sample presentation methods in each sample using XLSTAT (Version 2009, Addinsoft, New 
York, NY, USA). The analysis of variance (ANOVA) and Fisher’s least significant difference 
(LSD) (p = 0.05) was executed using the Proc Glm model in SAS software (Version 9.2, SAS 
Institute Inc., Cary, NC, USA) to determine the differences among the average ratings of samples 
in each scale, and among the average ratings of three scale methods in each sample. Pairwise 
comparison test was conducted among the samples in each scale presentation method using 
Fisher’s LSD test (p = 0.05) by XLSTAT.  
 
 
5.4. Results and Discussion 
Distribution fitting 
 Distribution fitting between the MSP and the ESG demonstrated how closely subjects 
were distributed on the scales between the two scale presentation methods in each sample. The 
probabilities from the distribution fitting test are shown in Table 5.4 for high protein snacks, 
Table 5.5 for Korean rice wines, and Table 5.6 for familiar commercial food products. When the 
ratings from the MSP and ESG from all three studies are compared, 35 out of 40 comparisons 
were not statistically different (p > 0.05). Distribution fitting of the subjects on the scales 
between the MSP and ESG could be considered quite similar. The five cases that had 
significantly different distribution fittings were found in the high protein snack and Korean rice 
wine studies (Tables 5.4, 5.5). No sample showed a significantly different distribution fitting in 
the familiar commercial food product study (Table 5.6). When subjects evaluated novel products, 
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the difference between the two scaling methods may have occurred due to the fluctuation in the 
subjects’ acceptance ratings of those unfamiliar products. Subjects may have displayed less 
variation in their acceptance ratings from the two different scaling methods, the MSP and ESG, 
for familiar commercial food products, because their acceptances of the familiar food products 
were already set. The probabilities of the distribution fitting test between the MSP and CSP, and 
the ESG and CSP for the familiar commercial food products, were not significantly different (p > 
0.05), which means all distributions were similar to one another (Table 3).  
 
Comparison of sample discrimination performance for each scale presentation 
 The F-ratio of sample variation by ANOVA, the number of groups from Fisher’s LSD, 
and the number of significant differences from the pair-wise comparisons test by Fisher’s LSD 
were compared to determine which scale presentation method offered better sample 
discrimination performance (Table 5.7). The higher values in F-ratio of the sample, LSD groups, 
and the pair-wise comparison test represent better sample discrimination performance (Hein, 
Jaeger, Carr, & Delahunty, 2008; Lawless, Pepper, & Kroll, 2010; Villanueva, Petenate, & Da 
Silva, 2005; Villanueva &Da Silva, 2009). There was no predominant trend in sample 
discrimination performance between the MSP and ESG for all three studies at the level of α = 
0.05.  
 The rank order comparisons between the MSP and ESG by the mean ratings of each 
sample showed that the most- and the least-accepted samples were identical in all of the studies 
(Tables 5.8, 5.9, and 5.10). The liking and disliking mean ratings of the high protein snack study 
and the disliking mean ratings of the Korean rice wine study showed an identical ranking order 
among samples between the MSP and ESG (Tables 5.8 and 5.9). The trends in rank orders were 
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identical but some discrepancies were found in the other scale presentations. The ranking 
differences in samples E, E-A and E-C were observed in liking ratings for the Korean rice wine 
study (Table 5.8). In the familiar commercial food product study, there were different ranking 
order pairs between soymilk and cheddar cheese in liking ratings, between canned pea and 
grapefruit juice in liking ratings, and between cheddar cheese and canned peas in disliking 
ratings (Table 5.10). The different rank orders in this study were found between the samples that 
had small differences in mean ratings. The average rating difference between the two samples 
that displayed different rank orders was mostly less than 0.10 on the 7-point scale, an indication 
that subjects would not discern their acceptance significantly between these products. Only one 
case between Sample E and Sample E-A in the liking unidirectional scale of Korean rice wines 
showed statistically different (p < 0.05). 
 In comparison with the CSP in the familiar commercial food product study, the CSP 
revealed a similar sample discrimination performance when compared to the MSP and ESG 
(Table 5.7). The discrimination performance by the F-ratios of sample is statistically nearly 
identical (p > 0.99), although the CSP had a lower value than did the other two methods. In a 
comparison of the rank order, the CSP demonstrated identical samples in the most- and the least-
accepted samples. Almost identical rank orders for entire range of samples between the MSP and 
the CSP were observed (Table 5.10). There was only one pair - canned peas and grapefruit juice 
- that had a ranking difference in the liking ratings from the MSP. The rating difference between 
these samples (p > 0.05) was less than 0.1 and could be considered as difference same 
acceptance rating. Since these samples were not significantly different, it could be considered 
that acceptance of the samples was similar and that the ranking order difference cannot be an 
issue in sample discrimination.  
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Comparison of scale presentation methods for each sample 
 The comparisons of the scale presentation methods in each sample between the MSP and 
ESG showed that the mean ratings from the ESG generally exhibited a higher trend than was 
case for the MSP in general (Tables 5.11, 5.12, 5.13). The ESG produced higher average ratings 
in 34 out of 40 cases. Among these 34 cases, 8 cases presented statistically significant 
differences between the MSP and ESG (p < 0.05). The ESG ratings were 0.27 higher in the 
liking rating and 0.15 higher in the disliking rating on average from the entire study. This trend 
may be explained by the relative cognitive process, which is the liking and disliking percepts are 
interacted when LDUS are simultaneously presented on the 2-dimensional plot. The ESG forces 
the subjects to rate liking and disliking percepts at the same time. The liking and disliking 
decision processes may interact with each other during the evaluation because subjects are free to 
compare the percepts of liking and disliking simultaneously (Mellers, 1983; Mellers & 
Birnbaum, 1982; 1983). This interaction, therefore, may make subjects use both parts of the 
scales other than 0 more frequently. For example, if subjects rated “5” for liking and “0” for 
disliking, using the MSP, the same subjects would assign a “5” for liking and a “1” for disliking 
due to the interaction of the two scales upon the use of ESG. When counting the subjects who 
used both scales, significantly more subjects used both scales in the ESG than in the MSP in high 
protein snack and Korean rice wine studies. Although the ESG showed higher ratings, 
correlation coefficient for liking and disliking between the MSP and ESG were r = 0.98, thereby 
demonstrating that the sample rating patterns in both methods to be similar. 
 In the comparison with the MSP, the CSP exhibited higher average ratings in 12 out of 20 
comparisons (Table 5.13). Between the two methods, there was no significant difference 
between the average ratings of each sample. The differences between the MSP and the CSP 
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ranged from 0.01 to 0.17 on the 7-point LDUS. The average ratings of each sample between the 
two methods were not statistically different for all the samples (p > 0.05). The similarity between 
the MSP and CSP would be related to the learning effect in the use of the latter method. 
Although subjects rate their acceptance of liking and disliking consecutively, they easily 
understand that the disliking scale will occur following the liking scale, or vice versa, for each 
sample. Therefore, subjects would have a more absolute than a relative cognitive process. If 
subjects are getting close to absolute process from the mixed cognitive process after the 
evaluation of 1 or 2 samples by expecting how the scales presented, conducting a training session 
prior to the actual evaluation would be effective. The training session will prevent cognitive 
process change that could happen during the initial stage of the sample evaluation. . 
It is interesting to note that statistically significant differences in average ratings were 
found only in the ratings from the liking unidirectional scale in the familiar commercial food 
product test. The comparisons with mean ratings obtained from the acceptance of disliking 
revealed that there was no significant difference among the three methods in each sample. This 
finding can be explained by the negativity effects, whereby the negative events are believed to be 
dominating our physiological, cognitive, and emotional states to a greater extent than is the case 
for positive events (Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001). Statistically similar 
average ratings (p > 0.05) obtained from the disliking ratings of the three scale presentation 
methods in each sample imply that subjects are more certain about their disliking percept than 
with the liking percept with regard to familiar products.  
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5.5. Conclusions 
 The findings of this research support the concept of the similarity in the ratings between 
the MSP and ESG in measuring consumer acceptance of liking and disliking. Although it is 
difficult to generalize that the MSP and ESG methods are interchangeable for each consumer, we 
can conclude that the ESG can demonstrate similar results from the group of the subjects when 
compared to the MSP in measuring consumer acceptance of liking and disliking. Some of the 
subjects may have different ratings between the two methods or change their percepts; however, 
the results from the group of the subjects between the two scale presentation methods were 
statistically comparable. The advantage of the ESG is that it requires only half the amount of 
sample preparation as well as subjects’ evaluation time when compared to the MSP. However, 
the disadvantage of the ESG is that currently it cannot be conducted using a computerized 
sensory data collection system, such as Compusense; therefore, ESG testing should be done 
using paper ballots, which may cause errors during the evaluation as well as data entry in 
spreadsheets.  
The advantage of the CSP is that it can measure consumer acceptance with a half of the 
sample preparation compared to the MSP, and potentially with less testing time since subjects 
may be able to rate the two different percepts with one tasting. The cognitive process for the CSP 
is close to that of the MSP. From our findings, the rating variations compared to the MSP were 
lower than those of the ESG. One drawback of the CSP is that it has only been tested with 
familiar commercial food products so far. It would be hasty to conclude that the CSP will 
generate comparable results to the MSP, until the CSP is tested with broad spectrum of samples 
including unfamiliar and novel food products. Future research on the CSP with unfamiliar and 
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novel food products is necessary to validate the similarity in findings between the CSP and the 
MSP. 
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5.7. Tables and Figures 
 
Table 5.1. Ingredient formulation of 4 high-protein snack samples (Kreger, Lee, & Lee, 
2012) 
Ingredients (% w/w)
a
 28a 28e 43a 43e 
Corn Meal 66.62 66.62 48.55 48.55 
WPI 95 17.36 0 25.43 0 
WPC 80 8.56 0 18.56 0 
SPI 90 0 25.93 0 44 
Salt 2.95 2.95 2.95 2.95 
Sucralose 0.00017 0.00017 0.00017 0.00017 
Oil 3 3 3 3 
Parmesan Flavor 1.5 1.5 1.5 1.5 
a
WPI, WPC, and SPI means whey protein isolate, whey protein concentrate, and soy protein isolate, respectively. 
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Table 5.2. Sample code, ingredient and alcohol content of Korean rice wines  
Sample code Ingredient 
Alcohol  
content (%) 
A 
Non-glutinous rice, potato, nuruk, Cornus officinalis 
SIEB, Crataegus pinnatifida BUNGE 
14 
F  Glutinous rice, nuruk 13 
E  
Non-glutinous rice, glutinous rice, Chrysanthemum 
indicum L 
13 
E-A  Glutinous rice, nuruk, malt, S. cerevisiae 89-5-3  13 
E-B1  Glutinous rice, nuruk, malt, S. cerevisiae 98-2  13 
E-C  Glutinous rice, nuruk, malt, S. cerevisiae 183-2 13 
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Table 5.3. Products information of familiar commercial food products 
Product Manufacturer 
Cheddar cheese Grand Reserve Cheddar Cheese (Black Diamond Cheese Limited, 
Belleville, Ontario, Canada) 
Milk chocolate Milk chocolate (The Hershey Company, Hershey, PA, USA) 
Orange juice Pulp Free Simply Orange (The Simply Orange Juice Company, 
Apopka, FL, USA) 
Sour gummy worm Sour coated gummy worm (Schnucks, St. Louis, MO, USA) 
Soymilk Plain soymilk (WhiteWave Foods, Bloomfield, CO, USA) 
Canned pea Sweet peas (Del Monte Foods, San Francisco, CA, USA) 
Raw onion Spanish onion (Meijer, Urbana, IL, USA) 
Buttermilk Buttermilk (Prairie Farms Dairy, Incorporated, Carlinville, IL, USA) 
Canned sardine Sardines in water (Bumble Bee Foods, LLC, San Diego, CA, USA) 
Grapefruit juice 100% Ruby Red Grapefruit Juice (Tropicana Product Inc., Chicago, 
IL, USA) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 124 
 
Table 5.4. The probability of the distribution fitting of 4 high-protein snacks by the 
Kolmogorov-Smirnov test
†
 between the monadic sample presentation (MSP) of liking and 
disliking unidirectional scales and the evaluative space grid (ESG) for each sample 
Sample Between liking scale Between disliking scale  
28a 0.42 0.02 
28e 0.31 0.23 
43a 0.30 0.47 
43e 0.03 0.93 
†
If the probability is lower than 0.05, two distributions are statistically significant different. 
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Table 5.5. The probability of the distribution fitting of 6 Korean rice wines by the 
Kolmogorov-Smirnov test
†
 between the monadic sample presentation of liking and 
disliking unidirectional scales and the evaluative space grid for each sample 
Sample Between liking scale Between disliking scale  
    A 0.33 0.00 
    F 0.05 0.07 
    E 0.04 0.21 
    E-A 0.83 0.11 
    E-B1 0.63 0.36 
    E-C 0.19 0.01 
†
If the probability is lower than 0.05, two distributions are statistically significant different. 
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Table 5.6. The probability of the distribution fitting of 10 familiar commercial food products by the Kolmogorov-Smirnov test
†
 
between the monadic scale presentation of liking and disliking unidirectional scale (MSP) and the evaluative space grid (ESG), 
between MSP and consecutive scale presentation (CSP), and between ESG and CSP for each sample 
  Liking scale Disliking scale 
Sample MSP vs. ESG MSP vs. CSP ESG vs. CSP MSP vs. ESG MSP vs. CSP ESG vs. CSP 
Cheddar cheese 0.46 0.47 0.69 0.56 0.88 0.80 
Milk chocolate 0.89 0.86 0.51 1.00 0.98 0.89 
Orange juice 0.97 0.71 0.84 0.66 0.19 0.70 
Sour gummy worm 0.76 0.99 0.77 0.95 0.95 0.77 
Soymilk 0.79 0.99 0.42 0.93 0.95 0.87 
Canned pea 0.21 0.29 0.09 0.96 0.99 0.99 
Raw onion 0.81 0.79 0.99 0.99 0.97 1.00 
Buttermilk 0.87 0.88 0.79 0.54 0.88 0.89 
Canned sardine 0.91 0.99 0.98 0.60 0.91 0.97 
Grapefruit juice 0.12 0.81 0.36 0.75 0.92 0.43 
†
If the probability is lower than 0.05, two distributions are statistically significant different. 
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Table 5.7. F-ratio of sample from analysis of variance, number of mean separation by 
Fisher’s least significant difference (LSD), and pairwise comparison test by Fisher’s LSD 
for the monadic scale presentation of liking and disliking (MSP), the evaluative space grid 
(ESG), and the consecutive scale presentation (CSP) 
Study 
Liking scale Disliking scale 
MSP ESG CSP MSP ESG CSP 
High protein snack       
F-ratio 15.14 3.80     N/A 11.21 6.92 N/A 
LSD groups 3 2 N/A 3 2 N/A 
Pairwise comparison test 3 3 N/A 4 3 N/A 
       
Korean rice wine       
F-ratio 16.6 17.84 N/A 17.69 12.34 N/A 
LSD groups 3 4 N/A 4 4 N/A 
Pairwise comparison test 11 10 N/A 13 9 N/A 
       
Familiar commercial food 
product       
F-ratio 90.03 84.45 76.58 70.27 79.97 70.36 
LSD groups 7 6 6 5 5 5 
Pairwise comparison test 41 41 40 38 38 38 
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Table 5.8. Mean acceptance ratings and rank order of 4 high protein snacks from the 
monadic scale presentation of liking and disliking (MSP) and the evaluative space grid 
(ESG)
 †
 
Sample 
 Liking   Disliking  
MSP Rank ESG Rank MSP Rank ESG Rank 
28a 3.43a 1 3.76a 1 2.06c 4 2.43b 4 
28e 3.13ab 2 3.41a 2 2.24bc 3 2.69b 3 
43a 2.59c 4 2.84b 4 3.41a 1 3.64a 1 
43e 2.70bc 3 3.40a 3 2.74b 2 2.81b 2 
LSD
††
 0.51  0.54  0.5  0.55  
†Means with the same letter within each column are not significantly different at α = 0.05 as determined by Fisher’s 
least significant difference mean separation test. 
††Fisher’s least significant difference was conducted at α = 0.05. 
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Table 5.9. Mean acceptance ratings rank order of 6 Korean rice wines from the monadic 
scale presentation of liking and disliking (MSP) and the evaluative space grid (ESG)
 a
 
Sample 
 Liking†   Disliking†  
MSP Rank ESG Rank MSP Rank ESG Rank 
A 3.22a 1 3.53a 1 1.17d 6 1.74d 6 
F 2.33b 2 2.74b 2 1.68c 5 2.07bc 5 
E 1.69c 5 2.38bc 4 2.58b 2 2.93ab 2 
E-A 2.23b 3 2.24c 5 2.42b 3 2.68b 3 
E-B1 1.49c 6 1.57d 6 3.07a 1 3.28a 1 
E-C 2.14b 4 2.44bc 3 1.95c 4 2.51bc 4 
LSD†† 0.41  0.42  0.45  0.44  
†Means with the same letter within each column are not significantly different at α = 0.05 as determined by Fisher’s 
least significant difference mean separation test. 
††Fisher’s least significant difference was conducted at α = 0.05. 
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Table 5.10. Mean acceptance ratings rank order of 10 familar commercial food products from the monadic scale presentation 
of liking and disliking (MSP), the evaluative space grid (ESG), and the consecutive scale presenation (CSP)
 
 
Sample 
Liking†  Disliking† 
MSP Rank ESG Rank CSP Rank MSP Rank ESG Rank CSP Rank 
Milk chocolate 5.27a 1 5.32a 1 5.10a 1 0.36a 10 0.33a 10 0.43a 10 
Orange juice 4.86ab 2 4.88b 2 4.73ab 2 0.52a 9 0.54a 9 0.58a 9 
Sour gummy 
worm 
4.57b 3 4.72b 3 4.51b 3 0.73a 8 0.66a 8 0.63a 8 
Soymilk 3.39c 4 3.60c 5 3.49c 4 1.34b 7 1.21b 7 1.42b 7 
Cheddar cheese 3.36c 5 3.67c 4 3.32c 5 1.65b 6 1.76c 5 1.59b 6 
Canned pea 2.77d 6 3.17d 7 2.82d 7 1.70b 5 1.72c 6 1.71b 5 
Grapefruit juice 2.74d 7 3.25cd 6 2.89d 6 2.17c 4 2.10c 4 2.32c 4 
Onion 2.21e 8 2.33e 8 2.27e 8 2.92d 3 2.93d 3 2.93d 3 
Canned sardine 1.78f 9 1.86f 9 1.85e 9 3.28d 2 3.18d 2 3.16d 2 
Buttermilk 0.74g 10 0.84g 19 0.73f 10 4.39e 1 4.52e 1 4.48e 1 
LSD†† 0.42  0.43  0.43  0.43  0.41  0.43  
†
Means with the same letter within each column are not significantly different at α = 0.05 as determined by Fisher’s least significant difference mean separation 
test. 
††Fisher’s least significant difference was conducted at α = 0.05. 
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Table 5.11. Analysis of variance and Fisher’s least significant difference (LDS) test between 
the monadic scale presentation (MSP) and the evaluative space grid (ESG) for each sample 
of high protein snacks 
Sample 
Liking† Disliking† 
MSP ESG LSD†† MSP ESG LSD†† 
28a 3.43a 3.76a 0.48 2.06a 2.43a 0.43 
28e 3.13a 3.41a 0.38 2.24b 2.69a 0.37 
43a 2.59a 2.84a 0.43 3.41a 3.64a 0.55 
43e 2.70b 3.40a 0.40 2.74a 2.81a 0.48 
†Means with the same letter within each row are not significantly different at α = 0.05 as determined by Fisher’s 
LDS. 
††Fisher’s least significant difference was conducted at α = 0.05.  
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Table 5.12. Analysis of variance and Fisher’s least significant difference (LDS) test between 
the monadic scale presentation (MSP) and the evaluative space grid (ESG) for each sample 
of Korean rice wines 
Sample 
Liking† Disliking† 
MSP ESG LSD†† MSP ESG LSD†† 
A 3.22a 3.53a 0.36 1.17b 1.74a 0.36 
F 2.33a 2.74a 0.43 1.68a 2.07a 0.38 
E 1.69b 2.38a 0.37 2.58a 2.93a 0.42 
E-A 2.13a 2.24a 0.36 2.42a 2.68a 0.39 
E-B1 1.49a 1.57a 0.34 3.07a 3.28a 0.36 
E-C 2.14a 2.44a 0.39 1.95b 2.51a 0.40 
†
Means with the same letter within each row are not significantly different at α = 0.05 as determined by Fisher’s 
LDS. 
††Fisher’s least significant difference was conducted at α = 0.05.  
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Table 5.13. Analysis of variance and Fisher’s least significant difference (LDS) test among 
the monadic scale presentation (MSP), the evaluative space grid (ESG), and consecutive 
scale presentation (CSP) for each sample of 10 familiar commercial food products 
Sample 
Liking† Disliking† 
MSP ESG CSP LSD†† MSP ESG CSP LSD†† 
Cheddar cheese 3.36b 3.67a 3.49ab 0.26 1.65a 1.76a 1.59a 0.27 
Milk chocolate 5.27ab 5.32a 5.10b 0.20 0.36a 0.33a 0.44a 0.18 
Orange juice 4.86a 4.88a 4.73a 0.20 0.52a 0.54a 0.58a 0.20 
Sour gummy worm 4.57ab 4.72a 4.51b 0.20 0.73a 0.66a 0.63a 0.20 
Plain soymilk 3.39ab 3.60a 3.32b 0.27 1.34a 1.21a 1.42a 0.26 
Canned pea 2.77b 3.17a 2.82b 0.27 1.70a 1.72a 1.71a 0.28 
Raw onion 2.21a 2.33a 2.27a 0.24 2.92a 2.93a 2.93a 0.29 
Buttermilk 0.74a 0.84a 0.73a 0.21 4.39a 4.52a 4.48a 0.29 
Canned sardine 1.78a 1.86a 1.85a 0.24 3.28a 3.18a 3.16a 0.27 
Grapefruit juice 2.74b 3.25a 2.89b 0.27 2.17a 2.10a 2.32a 0.28 
†Means with the same letter within each row are not significantly different at α = 0.05 as determined by Fisher’s 
LDS. 
††Fisher’s least significant difference was conducted at α = 0.05.  
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Figure 5.1. The evaluative space grid (ESG) for the computerized testing (Larsen, Norris, 
McGraw, Hawkley, & Cacioppo, 2009) 
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Figure 5.2. The 9-point liking and disliking unidirectional scales (Drake, 2009) 
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Figure 5.3. The 9-point evaluative space grid (ESG) 
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Figure 5.4. The 7-point evaluative space grid (ESG) 
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Figure 5.5. The 7-point liking and disliking unidirectional scales 
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CHAPTER 6 – GUIDELINES FOR THE USE OF THE LIKING AND DISLIKING 
UNIDIRECTIONAL SCALES: A QUALITATIVE STUDY   
 
6.1. Abstract 
 Researchers can obtain in-depth and detailed data from qualitative studies, although 
interpretation requires additional effort and can be subjective. The objectives of this study are to 
1) investigate how consumers use the bivariate scales in consumer acceptance test setting and 2) 
propose guidelines for the interpretation of liking and disliking ratings. A total of five consumer 
acceptance tests were conducted, using Korean rice wines, soy-whole-grain beverages, high 
protein snacks, and familiar commercial food products. Open-ended questions were asked of 96 
subjects who evaluated familiar commercial food products. A two-dimensional plot to provide 
guidelines for interpretation of the liking and disliking unidirectional ratings was generated using 
the mean ratings of the samples. Subjects were divided into two groups based on their patterns of 
use of the scales. The predominance of liking or disliking characteristics of the samples made 
subjects indicate liking or disliking percepts for highly-liked or disliked samples. The existence 
of ambivalence in the samples, which were slightly liked to slightly disliked, made subjects 
indicate liking and disliking percepts together. For the 9-point hedonic scale, the subjects 
answered that they believed the main advantages were the simplicity and ease of use, and 
regarded the main limitation as the fact that the scale could not measure both liking and disliking 
percepts. The samples were located on the two-dimensional plot (x-axis: liking rating and y-axis: 
disliking rating) from the right bottom corner to the left top corner based on the liking and 
disliking ratings. This two-dimensional plot could be used to generate detailed interpretations for 
consumer acceptance and preferences using the unidirectional liking and disliking scales. The 
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guideline from the bivariate measurements can explain consumer acceptance more precisely by 
generating 13 categories. 
 
Key Words: bipolar, bivariate, qualitative research, consumer acceptance, guideline 
 
 
6.2. Introduction 
Various scales have been proposed by sensory scientists to measure consumer acceptance 
of food products. These include the 9-point hedonic scale, the label magnitude scale (LAM), the 
food action rating scale (FACT), and the hybrid hedonic scale (Peryam & Girardot, 1952; Schutz 
1965; Schutz & Cardello, 2001; Villanueva, Petenate, & Da Silva, 2005). Most of the scales 
proposed for consumer acceptance testing have focus on resolving the limitations of the 9-point 
hedonic scale and statistically comparing the results of the proposed scale to the 9-point hedonic 
scale. Theoretically, these scales are based on the traditional bipolar conceptualization process 
(Thurstone, 1931; Thurstone & Chave, 1929). Researchers in the field of sensory science may 
have overlooked the investigation of the conceptual process in the use of these given scales. 
Researchers may also have assumed that consumers make use solely of bipolar conceptualization 
and have not considered other human conceptualization processes when engaged in scale 
development.  
 The independence of positivity and negativity was proposed in the 1960s (Bradburn, 
1969). Bivariate conceptualization, a new human conceptualization process, was proposed by 
Cacioppo and Bernston (1994) from the independence of positivity and negativity studies. This 
conceptualization had a different assumption for the relationship between positivity and 
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negativity by separating those two attitudes. There is a lack of studies that apply this relatively 
new bivariate conceptualization for food products. If the bivariate conceptualization process is 
applied to measure consumer acceptance, consumers have to use the two unidirectional scales in 
a different manner when compared to the use of the bipolar scales. 
When seeking insight into the patterns of use for the liking and disliking unidirectional 
scales (LDUS), qualitative research would be the best option. Qualitative methods are frequently 
used to determine the opinions of groups of subjects by using open-ended questions (Geer, 
1988). With these types of methods, subjects are able to more readily explain their opinions. 
Researchers may obtain an abundance of data from the group.  
 Since a new type of scale is proposed for the consumer acceptance test, it is necessary to 
develop guidelines for bivariate ratings. The pattern of liking and disliking ratings can be 
presented using a two-dimensional plot when consumers rate products using the bivariate scales. 
This plot may generate a more complicated interpretation of the acceptance of food products than 
is the case with bipolar scale ratings, which can be presented on a one-dimensional line.   
 The objectives of this study are to: 1) investigate the opinions of consumers concerning 
why they used bivariate or bipolar conceptualization for their evaluations of liking and disliking 
percepts and 2) propose guidelines to interpret the results obtained from liking and disliking 
unidirectional ratings. 
  
 
6.3. Materials and Methods 
Consumer acceptance tests of Korean rice wines  
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 Two consumer acceptance tests were conducted using commercial and reformulated 
Korean rice wines (Table 6.1). The reformulated Korean rice wines were produced by the 
Korean Food Research Institute (Seungnam-si, Kyonggi-do, Korea). Approximately 10 mL of 
each type of rice wine was poured into 59.2 mL plastic cups (Solo Cup Co., Urbana, IL, USA, 
for Study 1; Dart Container Corporation, Mason, MI, USA, for Study 2) that were labeled with 
random 3-digit codes and covered with plastic lids (Solo Cup Co., Urbana, IL, USA, for Study 1; 
Dart Container Corporation, Mason, MI, USA, for Study 2). The samples were placed on a tray 
and refrigerated (~4 ℃) for approximately one hour prior to the start of the test on each testing 
day. The samples were taken out of the refrigerator for approximately 15 minutes prior to the 
evaluation and were kept at room temperature (~23 ℃) until testing began. The samples were 
presented using the Williams design of six samples to minimize the carry-over effect (Williams, 
1949). The order of the scale presentation was completely randomized. Subjects took a one-
minute break after the third sample in each sample set and took a three-minute break after each 
sample set. 
The evaluations were conducted in individual booths using the Compusense five sensory 
data acquisition system (Version 5.0; Compusense, Guelph, Ontario, Canada), except for the 
evaluative space grid (ESG). The ESG was conducted using paper ballots. Incandescent and 
fluorescent lighting was used during the test. The temperature and relative humidity of the booth 
area were approximately 23 ℃ and 47%, respectively.  
 
Study 1. 
 A total of 96 subjects (29 males and 67 females, ages 21 to 45 years) were recruited. 
Subjects evaluated three commercial and three reformulated Korean rice wines during one 30-
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minute session. They used the 9-point liking and disliking unidirectional scales (LDUS) for the 
evaluation (Figure 6.1). Each subject received two sample sets that consisted of six Korean rice 
wine samples to be rated on the LDUS. The 9-point hedonic scale was also used to measure the 
consumer acceptance of the samples.   
 
Study 2.  
 A total of 96 subjects (40 males and 56 females, ages 21 to 62 years) were recruited. 
Subjects evaluated three commercial and three reformulated Korean rice wines during two 30-
minute sessions. One session was conducted in order to measure consumer acceptance of liking 
and disliking using the 7-point LDUS (Figure 6.2). The other session was conducted in order to 
measure consumer acceptance using the 7-point ESG (Figure 6.3) and the 9-point hedonic scale. 
Each subject received two sample sets for the LDUS, and one sample set that consisted of six 
Korean rice wine samples for the ESG and the 9-point hedonic scale. To achieve randomization, 
half of the subjects started from the first session and the other half started from the second 
session for. 
 
Consumer acceptance test of soy-whole-grain beverage 
 A total of 144 subjects (39 males and 105 females, age 19 to 56 years) participated in the 
study. Subjects were asked during a 45-minute session to evaluate nine beverage samples that 
contained three different levels of soy protein isolate and whole grains (Table 6.2). They 
evaluated samples using the 9-point hedonic scale, and the 9-point LDUS (Figure 6.1). The 
samples and the scales were randomly presented. Subjects took a 1-minute break every 3 
samples, and 3-minute breaks for each sample set.  
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Approximately 15 mL of each sample was poured into each of the 59.2 mL plastic cups 
(Solo Cup Co., Urbana, IL, USA), labeled with random 3-digit codes, and covered with plastic 
lids (Solo Cup Co., Urbana, IL, USA). The samples were placed on a tray and refrigerated (~4 
℃) one day prior to each testing day. The samples were moved from the refrigerator to the 
testing area (~23 ℃) approximately 15 minutes prior to the test. The evaluations were conducted 
in individualized booths under incandescent and fluorescent lighting. The room temperature at 
the booth area was approximately 23 ℃. Data were collected using the Compusense Commuter 
(version 2.2, Compusense, Guelph, Ontario, Canada). 
 
Consumer acceptance test of a high protein snack 
 One hundred subjects (24 males and 76 females, ages 19 to 65 years) participated in the 
study. Subjects evaluated four samples (Table 6.3) that had 28% and 43% soy protein, and 23% 
and 43% whey protein, using the 9-point hedonic scale, the 9-point LDUS (Figure 6.1), and the 
9-point ESG (Figure 6.4). The first session was for the 9-point hedonic scale and the second was 
for the other scales. The order of liking and disliking scales, and the ESG were completely 
randomized. A detailed description of the snack production process is presented in Kreger’s 
research (Kreger, Lee, & Lee, 2012). Subjects took a two-minute break in between each set of 
samples, which was composed of four samples. The samples were presented by the Williams 
design of six samples to minimize the carry-over effect (Williams, 1949). The data were 
collected using the Compusense five sensory data acquisition system (Version 5.0; Compusense, 
Guelph, Ontario, Canada) for the 9-point hedonic scale, and the LDUS. The ESG was conducted 
using paper ballots. The samples and the scale presentations were randomized.  
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Consumer acceptance test of ten familiar commercial food products 
 Ninety-six subjects (28 males and 68 females, ages 18 to 59 years) participated in the 
study. Subjects tasted ten food products that had various levels of acceptance. The tested 
products were cheddar cheese, milk chocolate, orange juice, sour gummy worms, plain soymilk, 
canned peas, raw onions, buttermilk, canned sardines, and grapefruit juice (Table 6.4). The 
determination process for the sample selection is presented in Kwak’s research (Kwak, 2012). 
Subjects tasted samples for five 30-minute sessions. Four sessions were designed for sample 
evaluations with scales. The final session was a survey in which the subjects were given group 
ratings and their own ratings and asked why they had used the unidirectional scales in those 
specific patterns. The monadic scale presentations of the 7-point LDUS (Figure 6.2), the 
consecutive scale presentations (CSP) of the 7-point LDUS, and the 7-point ESG (Figure 6.3) 
were used for the evaluations. The data were collected using the Compusense five sensory data 
acquisition system (Version 5.0; Compusense, Guelph, Ontario, Canada) except the ratings from 
the ESG, which was conducted using paper ballots. The sample presentation order was 
randomized by using the Williams design of six samples to minimize the carry-over effect 
(Williams, 1949). The order of the LDUS, and the sessions themselves, were completely 
randomized. 
 
Qualitative study 
 The same subjects that participated in the evaluations of familiar commercial food 
products were asked to answer four open-ended questions regarding their use of the LDUS and 
the 9-point hedonic scale after finishing their four sample evaluation sessions. Ten samples that 
were tested for the consumer acceptance test were divided into 3 groups based on the mean 
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acceptance ratings from the 9-point hedonic scale. Milk chocolate, orange juice and sour gummy 
worms were grouped into highly-liked samples that had consumer acceptance ratings of more 
than 6.5 out of 9. Buttermilk was the only highly-disliked sample that had a consumer 
acceptance rating that was lower than 3.5 out of 9. Cheddar cheese, soymilk, canned peas, 
onions, canned sardines, and grapefruit juice samples were indicated to be slightly liked to 
slightly disliked, and were given ratings that were between 3.5 and 6.5 on the 9-point hedonic 
scale. The subjects were divided into two groups, with one consisting of subjects who frequently 
used both the LDUS and the other consisting of subjects who frequently used only one of either 
the LDUS in answering each question. The questions were organized based on each subject’s 
pattern of scale usage (Appendices 1, 2). The group’s average ratings and the individual ratings 
of the LDUS, the ESG, and the CSP were presented for each sample. Subjects were asked to 
answer why they used the LDUS in a particular way for each group of samples. Finally, subjects 
were asked about the advantages and limitations of the 9-point hedonic scale. The answers from 
subjects were saved to an MS Word file, using laptop computers. 
 
Data analysis 
 The answers from the qualitative study were analyzed using cross interpretation by three 
researchers. Researcher 1 read all of the surveys and divided the answers into several categories 
for each question. Researcher 2 read the survey answers and placed each subject into the proper 
category. Researcher 1 conducted the same process for the cross-validation. Researcher 3 
interpreted the answers from consumers if Researcher 1 and Researcher 2 interpreted them 
differently from each other. The answers from the 9-point hedonic scale were divided into 
advantages and limitations. The same analysis procedure was followed. The ratings of bivariate 
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measurements from Korean rice wines (Study 1) and the high protein snack were converted from 
the 9-point scale to the 7-point scale by multiplying 7/9 so as to have the same magnitude of 
difference compared to the 7-point scale. A two-dimensional plot for each consumer test data 
was generated using EXCEL (Version 2010; Microsoft, Redmond, WA, USA). 
 
 
6.4. Results and Discussion 
Qualitative study in the use of bivariate and bipolar scales  
The first question was generated in regard to the highly liked samples – milk chocolate, 
orange juice, and the sour gummy worms, which obtained above 6.5 out of 9 from the 9-point 
hedonic scale. Twenty-two subjects used both the LDUS (Table 6.5). The answers from 19 out of 
22 subjects were related to the existence of liking and disliking percepts about the samples. The 
most frequently mentioned reason why they used both scales was that they perceived both liking 
and disliking characteristics from the samples. The second reason was that they liked the samples 
in general but disliked certain minor aspects. Seventy-four subjects used either the liking or the 
disliking unidirectional scale for their evaluation (Table 6.6). A total of 56 of 74 subjects 
answered that they perceived liking characteristics predominantly. The most frequently 
mentioned reason why they used either the liking or the disliking scale was that they liked the 
samples and did not find disliking characteristics. The second, third, and fourth reasons also 
related to their liking of the samples. Therefore, the majority of the subjects used only the liking 
unidirectional scale because they perceived the samples as having predominantly liking 
characteristics.   
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 The second question was related to the highly disliked sample, buttermilk, which 
obtained below 3.5 out of 9 from the 9-point hedonic scale. Thirty-one subjects used both liking 
and disliking unidirectional scales (Table 6.7). The answers from 19 out of 31 subjects were 
related to the existence of liking and disliking percepts about the sample. Twenty three subjects 
answered that they perceived both liking and disliking but not the same time. Five out of 6 
subjects gave reasons of a contrary nature for their ratings. They had used both the liking and the 
disliking unidirectional scales, but answered that they used either the liking or the disliking 
unidirectional scales, indicating that they were confused about their scale usage. Sixty-five 
subjects used either the liking or the disliking unidirectional scale for their evaluations (Table 
6.8). Sixty out of 65 subjects answered that they perceived predominantly disliking 
characteristics only. When looking closely at these subjects, the most frequently mentioned the 
reason why the subjects used either the liking or the disliking unidirectional scale was that the 
samples had only disliking characteristics and there were almost no liking characteristics (23 
subjects). The second reason was that the subjects did not like the sample. The third, fourth, and 
fifth most frequently mentioned reasons also concerned the subjects’ dislike of the sample. 
Therefore, these strong disliking characteristics forced the subjects to exclusively use the 
disliking unidirectional scale.  
 The third question was related to the samples whose acceptance ranged from 3.5 to 6.5 
from the 9-point hedonic scale. Cheddar cheese, grapefruit juice, plain soymilk, canned peas, 
onions, and canned sardines were related to this question. Sixty-seven subjects used both the 
liking and the disliking unidirectional scales (Table 6.9). Fifty nine out of 67 subjects answered 
that they perceived both liking and disliking percepts about the samples. The most frequently 
mentioned reason why they used both the liking and the disliking unidirectional scales was, 
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‘There were attributes that I liked and disliked.’ The second was, ‘I liked the first taste and 
disliked the aftertaste or vice versa.’ The other reason was that the samples were not extremely 
liked or extremely disliked. Twenty-nine subjects used either the liking or the disliking 
unidirectional scale for the evaluation (Table 6.10). Twenty four out of 29 subjects answered that 
they perceived predominantly liking or disliking characteristics. These subjects tended to 
approach their use of the LDUS dichotomously. 
The fourth question concerned the use of the 9-point hedonic scale. The answers by the 
subjects were divided into advantages and limitations. The advantages mentioned by the subjects 
are presented in Table 6.11 (a). The most frequently mentioned advantage was ‘the scale was 
straightforward, simple and easy to use.’ This might have occurred because the bivariate scales 
were more complicated due to their separate ratings of liking and disliking percepts (Heise, 
1969). The limitations mentioned by the subjects are presented in Table 6.11 (b). The most 
frequently mentioned limitation was ‘I could not explain both liking and disliking percepts of the 
samples.’ The answers from thirty out of seventy subjects concerned the coexistence of liking 
and disliking characteristics in the samples. Food has various liking and disliking characteristics, 
but the 9-point hedonic scale seemed to force the consumer to choose one of three percepts – 
like, dislike, and neither like nor dislike. This response may have been due to the knowledge of 
bivariate scales that they used during the consumer test. The inability to express their 
ambivalence regarding their perception of samples was the main limitation pointed out by the 
subjects about the 9-point hedonic scale. Since bivariate scales allow subjects to rate liking and 
disliking percepts, subjects can regard the single point rating by the 9-point hedonic scale as a 
drawback in their ambivalent percept. In summary, the qualitative study supported the notion 
that bivariate conceptualization existed in the evaluation of foods, as previous quantitative 
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studies have shown, and the 9-point hedonic scale constrained to express ambivalence of liking 
and disliking percepts. 
 
Generate guidelines for bivariate ratings 
 The mean ratings of each sample from bivariate scales - MSP, ESG, and CSP - were 
placed on a two-dimensional plot consisting of an x-axis with liking ratings and a y-axis with 
disliking ratings (Figure 6.5). Samples demonstrate the existence of bivariate conceptualization. 
If subjects consider their liking and disliking percepts as bipolar, the samples near the center 
point of the 9-point hedonic scale should be located around the left bottom corner on the two-
dimensional plot due to the assumption of bipolarity (Schimmack, 2001). Samples F, E, E-R, and 
E-C from the Korean rice wines, most of the soy-whole-grain beverage samples, Samples 28a 
and 43e with high protein snacks, and grapefruit juice from the familiar commercial food product 
did not follow the assumption of bipolarity and showed significant levels of liking and disliking 
percepts. This finding constitutes supporting evidence that subjects may perceive both liking and 
disliking percepts in the evaluation of foods, and that the descriptor ‘neither like nor dislike’ in 
the 9-point hedonic scale is not a proper expression for measuring consumer acceptance. There 
was an interesting trend in the mean rating pattern of the samples. The study about the rating 
pattern by bivariate conceptualization was brought up by the authors since the previous 
psychological studies lacked enough samples for this analysis (Andrade & Cohen, 2007; Hunter, 
Schellenberg, & Schimmack, 2008; Larsen, Norris, McGraw, Hawkley, & Cacioppo, 2009). The 
rating pattern from the consumer studies (Figure 6.5) showed that the samples were located from 
the left top corner to the right bottom corner in a logarithmic shape (Dislike = -4.94 x 
Log10(Like) + 4.09, R
2
 = 0.89). One the other hand, the linear regression model (Dislike = -1.34 
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x Like + 4.31, R
2
 = 0.85) demonstrated a steeper gradient than that of the theoretical linear line 
(Dislike = -1.00 x Like + 6) of the two-dimensional plot. This result would mean that subjects 
became conservative in their evaluation of food products that had similar levels of liking and 
disliking percepts. 
 The schematic guideline for the interpretation of the LDUS is presented in Figure 6.6. 
The products placed in Area 1 can be interpreted as an ‘extremely liked’ product. The products 
in Area 2 can be considered as a ‘like very much’ product. If products are located in Area 3, 
these products fit into a ‘like moderately’ classification. Products in this area may need to be 
optimized in order to increase their liking characteristics for the purpose of increasing consumer 
acceptance. The products in Area 4 can be regarded as ‘like very much’ and ‘dislike moderately’ 
products.  The products in Area 4 need to be modified to decrease their disliking characteristics 
in order to increase consumer acceptance. Neutral products will be placed in Area 5. The 
products in Area 5 do not have any liking or disliking characteristics. The products in Area 6 can 
be interpreted as a ‘low ambivalent’ product. The products in Area 6 need to focus on increasing 
their liking characteristics. The products in Area 7 can be construed to be a ‘medium ambivalent’ 
product. The products in Area 7 need to be reformulated to increase their liking characteristics 
and decrease their disliking characteristics. The products in Area 8 can be explained as a ‘high 
ambivalent’ product. The modification of the products in Area 8 should be for the purpose of 
decreasing their disliking characteristics. The products in Area 9 can be described as a ‘dislike 
moderately’ product.  The products in Area 9 need to increase their liking characteristics and 
decrease their disliking characteristics. The product in Area 10 can be regarded as ‘dislike very 
much’ and ‘like moderately’ products. The products in Area 10 need to focus on not only 
decreasing their disliking characteristics drastically, but also increasing liking characteristics. 
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The products in Area 11 can be interpreted as ‘dislike very much’ products. The products in Area 
12 are ‘dislike extremely’ products. The product in Area 13 can be described as the coexistence 
of extremes of liking and disliking. The author, however, expects that food products scarcely 
exist in this area, as in previous psychological studies that have used bivariate measurement 
methods (Aaker, Drolet, & Griffin, 2008; Andrade & Cohen, 2007; Hunter, Schellenberg, & 
Schimmack, 2008; Larsen, McGraw, Mellers, & Cacioppo, 2004; Larsen, Norris, McGraw, 
Hawkley, & Cacioppo, 2009).  
 
 
 
6.5. Conclusions 
 The qualitative research provides more convincing evidence as to the existence of the 
bivariate conceptualization process. Subjects articulated the coexistence of liking and disliking 
percepts as the main reason for their use of both unidirectional scales. The ambivalent perception 
of the products was oversimplified under the bipolar conceptualization of the 9-point hedonic 
scale, which was mentioned as the major limitation of that particular scale. Bivariate 
measurement seemed to more closely reflect our conceptualization process of liking and 
disliking in the assessment of food products, with more freedom and flexibility for consumers. 
Having a schematic guideline to interpret the bivariate ratings would ease the interpretation 
process of consumer acceptance ratings from the unidirectional scales. A limited number of food 
products have been tested thus far; therefore, further research would be necessary with a greater 
variety of food products to make the guidelines more reliable and to investigate whether subjects 
have high liking and disliking percepts (high ambivalent), and low liking and disliking percepts 
(neutral).  
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6.7. Tables and Figures 
Table 6.1. Sample code, ingredient and alcohol content of Korean rice wines that were used 
for three consumer acceptance tests. 
Sample code Ingredient 
Alcohol  
content (%) 
Study 1, 2   
A 
Non-glutinous rice, potato, nuruk, Cornus officinalis SIEB, 
Crataegus pinnatifida BUNGE 
14 
F Glutinous rice, nuruk 13 
E Non-glutinous rice, glutinous rice, Chrysanthemum indicum L 13 
   
Study 1   
E-R 
Glutinous rice, non-glutinous rice, Chrysanthemum indicum, 
Saccharomyces cerevisiae 89-5-3 
13 
E-B 
Glutinous rice, non-glutinous rice, Chrysanthemum indicum, 
Saccharomyces cerevisiae 98-4 
13 
E-G 
Glutinous rice, non-glutinous rice, Chrysanthemum indicum, 
Saccharomyces cerevisiae APP-6 
13 
   
Study 2   
E-A Glutinous rice, nuruk, malt, Saccharomyces cerevisiae 89-5-3  13 
E-B1 Glutinous rice, nuruk, malt, Saccharomyces cerevisiae 98-2  13 
E-C Glutinous rice, nuruk, malt, Saccharomyces cerevisiae 183-2 13 
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Table 6.2. Ingredient formulation of 9 soy-whole-grain beverage samples
a 
 
Sample Type of product
b % soy protein  
isolate (SPI) 
% whole 
grain  
(WG)
c
 
% water 
LSLW Low SPI, low WG 2.92  3.33  90.14  
LSMW Low SPI, medium WG 2.92  5.00  88.47  
LSHW Low SPI, high WG 2.92  6.67  86.80  
MSLW Medium SPI, low WG 4.38  3.33  88.68  
MSMW Medium SPI, medium WG 4.38  5.00  87.01  
MSHW Medium SPI, high WG 4.38  6.67  85.35  
HSLW High SPI, low WG 5.83  3.33  87.22  
HSMW High SPI, medium WG 5.83  5.00  85.55  
HSHW High SPI, high WG 5.83  6.67  83.89  
a
All samples also included 3.33% sugar, 0.1% stabilizer, 0.03% salt, 0.15% masking agent. 
b
SPI means soy protein isolate. WG means whole grain. 
c
The composition of whole grains are 70% brown rice, 7.5% oat, 7.5% barley, 7.5% rye, and 7.5% millet. 
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Table 6.3. Ingredient formulation of 4 high-protein snack samples (Kreger, Lee, & Lee, 
2012) 
Ingredients (% w/w)
a
 28a 28e 43a 43e 
Corn Meal 66.62 66.62 48.55 48.55 
WPI 95 17.36 0 25.43 0 
WPC 80 8.56 0 18.56 0 
SPI 90 0 25.93 0 44 
Salt 2.95 2.95 2.95 2.95 
Sucralose 0.00017 0.00017 0.00017 0.00017 
Oil 3 3 3 3 
Parmesan Flavor 1.5 1.5 1.5 1.5 
a
WPI, WPC, and SPI means whey protein isolate, whey protein concentrate, and soy protein isolate, respectively. 
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Table 6.4. Products information for the consumer acceptance test of familiar commercial 
food products 
Product Manufacturer 
Cheddar cheese 
Grand Reserve Cheddar Cheese (Black Diamond Cheese Limited, 
Belleville, Ontario, Canada) 
Milk chocolate Milk chocolate (The Hershey Company, Hershey, PA, USA) 
Orange juice 
Pulp Free Simply Orange (The Simply Orange Juice Company, 
Apopka, FL, USA) 
Sour gummy worm Sour coated gummy worm (Schnucks, St. Louis, MO, USA) 
Soymilk Plain soymilk (WhiteWave Foods, Bloomfield, CO, USA) 
Canned pea Sweet peas (Del Monte Foods, San Francisco, CA, USA) 
Raw onion Spanish onion 
Buttermilk Buttermilk (Prairie Farms Dairy, Incorporated, Carlinville, IL, USA) 
Canned sardine Sardines in water (Bumble Bee Foods, LLC, San Diego, CA, USA) 
Grapefruit juice 
100% Ruby Red Grapefruit Juice (Tropicana Product Inc., Chicago, 
IL, USA) 
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Table 6.5. Interpretation of the qualitative study of 22 subjects who used both the liking 
and the disliking unidirectional scales for highly-liked samples – milk chocolate, orange 
juice, and sour gummy worms, which obtain 6.5 out of 9 from the 9-point hedonic scale 
Interpretation Frequency 
There were both liking and disliking characteristics in the samples. 7 
I liked the samples in general, but there were some aspects that caused disliking. 5 
I really liked the samples, but I could also find something about which I would 
change my mind. 
3 
Several characteristics of the foods were involved in my evaluation. 2 
The sensations were not always completely likable or not likable. 1 
I decided how well I liked something and then thought about any bad points. 1 
I enjoyed the initial taste, but it left a taste in my mouth that I disliked. 1 
Others 2 
Total 22 
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Table 6.6. Interpretation of qualitative study from 74 subjects who used either the liking or 
the disliking unidirectional scale for highly-liked samples – milk chocolate, orange juice, 
and sour gummy worms 
Highly liked sample: either liking and disliking Frequency 
I liked these samples very much and I did not find things that I disliked 19 
I liked the samples. 15 
I felt that I can only have like or dislike. 11 
I liked the samples in general, but some minor factors for disliking for some 
samples existed. 
8 
There was nothing that I disliked about those products. 7 
The samples were familiar products. I liked and used to eat them.  6 
I focused on the good attributes of the samples for the evaluation. 4 
I am not at all a picky eater. There were not many flavors that I disliked. 1 
I used the liking scale since I liked them more than I disliked them. 1 
Samples were familiar to taste and I had a good memory of liking it. There was no 
thought of any disliking. 
1 
Others 1 
Total 74 
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Table 6.7. Interpretation of a qualitative study of 31 subjects who used both the liking and 
the disliking unidirectional scales for a highly-disliked sample – buttermilk 
Highly disliked sample: both liking and disliking Frequency 
There were both liking and disliking characteristics. 9 
I disliked very much and liked a little bit. 7 
Used both scales because buttermilk was okay. 3 
I liked first, and then disliked the aftertaste of buttermilk. 2 
I disliked first, and then liked it. 2 
I have consumed buttermilk on a regular basis. Liking and disliking were triggered 
because of the memories connected with buttermilk. 
2 
Other 6 
Total 31 
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Table 6.8. Interpretation of a qualitative study of 65 subjects who used either the liking or 
the disliking unidirectional scale for a highly-disliked sample – buttermilk 
Highly disliked sample: either liking or disliking Frequency  
There were only disliking characteristics and there were almost no liking 
characteristics. 
23 
I did not like the sample. 14 
Terrible / hate / disgusting / horrible 8 
I perceived only negative sensations. 5 
When I tasted I instantly was displeased with the sample. 3 
I didn't like the sample. It wasn't extremely disliked. 3 
It was not a satisfying taste. It was intolerable. 2 
I didn't like the sample. So I used the disliking scale. 2 
I disliked it very much, but there were few liking characteristics. 1 
I am a regular buttermilk drinker. I liked the taste and smell. I did not perceive any 
disliking characteristics. 
1 
Other 3 
Total 65 
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Table 6.9. Interpretation of a qualitative study of 67 subjects who used both the liking and 
the disliking unidirectional scales for the samples that were rated from slightly like to 
slightly dislike – cheddar cheese, grapefruit juice, soymilk, canned peas, onions, and 
canned sardines 
Q3. Slightly liked - disliked: both liking and disliking Frequency 
There were attributes that I liked and disliked. 37 
I liked the first taste and disliked the aftertaste or vice versa. 6 
I did not like the sample extremely nor did I dislike it extremely. 4 
I perceived both liking (positive) and disliking (negative) feelings. There was no 
extreme feeling. 
3 
I liked and disliked. I used one or two products with one of liking and disliking 
scales. 
3 
I used the scales based on my senses of taste and smell. 3 
I started the evaluation from the middle of the liking and disliking points. 2 
I felt that liking and disliking overlapped, so it was hard to only think about one 
without the other. 
2 
Samples were okay. I liked them, but there were some disliking characteristics. 1 
Not my preferred taste 1 
The samples were tricky flavors. 1 
It was a little harder to rate. 1 
I liked the samples, but I thought one aspect of the sample needed to be improved. 1 
Others 2 
Total 67 
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Table 6.10. Interpretation of a qualitative study of 29 subjects who used either the liking or 
the disliking unidirectional scale for the samples that were rated from slightly like to 
slightly dislike – cheddar cheese, grapefruit juice, soymilk, canned peas, onions, and 
canned sardines 
Q3. Slightly liked - disliked: either liking and disliking Frequency 
If I liked it I used liking scale. If I disliked it I used disliking scale. I used both 
for samples that have both liking and disliking. 
8 
I liked some samples and disliked some samples. 6 
I liked some samples and disliked some samples. There are some neutral 
samples. 
5 
I either strongly liked or strongly disliked a certain food. 2 
If I liked a sample I did not dislike the sample. Or vice versa. 1 
I perceived liking or disliking rather than indifferent. 1 
I liked the sample. Or I liked some samples with minor disliking.  1 
I used either liking or disliking scale based on my initial reaction of the samples. 1 
I just rated based on my tastes for that day. 1 
I enjoyed the initial taste and the aftertaste. 1 
Others 2 
Total 29 
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Table 6.11. Interpretation of a qualitative study of advantages and limitations of the 9-
point hedonic scale from the 96 subjects
a
 
a) Advantages of the 9-pt hedonic scale 
 Answer from subject Frequency 
The scale was straightforward, simple and easy to use. 20 
There was an option to choose neither like nor dislike. 9 
There were enough categories to choose liking and disliking. 8 
The scale allowed me to focus on an overall rating of the samples. 7 
The scale is beneficial to show which perception prevails. 5 
This scale can specify one's liking and disliking. 5 
The scale created a spectrum for evaluating whether or not the consumer liked or 
disliked the products. 
3 
This scale can distinguish like, dislike or neutral. 3 
Using this scale was an objective way to see how much a person likes or dislikes 
something. 
2 
There was a single continuum from like to dislike, which seemed to be right. 2 
The scale can identify how much somebody likes a sample. 2 
I can express degrees of liking/disliking for samples. 1 
There was room for changing the perception and it was very helpful when 
deciding the point. 
1 
Others 7 
Total 75 
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(Table 6.11., continued) 
 
b) Limitations of the 9-pt hedonic scale 
 Answer from subject Frequency 
I could not explain both liking and disliking of the samples. 15 
There was a limitation of my choice. 9 
The scale forced to make the decision of liking or disliking at the same time on 
the single point. 
8 
The scale is not clear for numbers 2-4 and 6-8. 6 
Difference people have different standards.  5 
There are many choices. 4 
The scale left out other possible dimensions of the sample that people may not 
like as much. 
3 
This scale is a little confusing. 3 
 I should answer to the neutral for both liked and disliked samples. 2 
The definition about extremely is quite blurring. 2 
The middle point is ambiguous. The scale could not explain both liked and 
disliked products. 
2 
A negative feeling was connected to a positive number. 1 
This scale made me put down a number towards one extreme easily. 1 
Sometimes it is hard to put an exact number for like/dislike. 1 
Others 8 
Total 70 
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Figure 6.1. The 9-point liking and disliking unidirectional scales 
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Figure 6.2. The 9-point liking and disliking unidirectional scales 
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Figure 6.3. The 7-point evaluative space grid (ESG) 
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Figure 6.4. The 9-point evaluative space grid (ESG) 
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Figure 6.5. Mean consumer acceptance of bivariate measurement from the studies of 
Korean rice wines (Studies 1, and 2), high-protein snacks, soy-whole-grain beverages, and 
commercial familiar food products. Crosses represent Korean rice wines from Study 1. 
MK1 means monadic scale presentation of Korean rice wines (Study 1). Diamonds 
represent Korean rice wines from Study 2. MK2 and EK2 mean monadic scale 
presentation and evaluative space grid of Korean rice wines (Study 2), respectively. 
Triangles represent high-protein snacks. Squares represent soy-whole-grain beverages. 
Among those sample, H, L, and M mean high, medium, and low amount, respectively. S 
and W mean soy and whole grain, respectively. Blue circles represent commercial familiar 
food products. Among blue circles, first characters – M, E, and C – mean monadic scale 
presentation, evaluative space grid, and consecutive scale presentation. MK means milk 
chocolate. OJ means orange juice. SGW means sour gummy worm. S means soymilk. CC 
means cheddar cheese. CP means canned peas. GFW means grapefruit juice. CS means 
canned sardines. O means raw onion. BM means buttermilk. 
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Figure 6.6. A guideline 2-dimentional plot for the interpretation of the liking and disliking 
ratings 
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CHAPTER 7 – SUMMARY 
There has been more than a half century of debate about human conceptualization - 
whether it is bipolar or bivariate in the field of psychology. Bivariate conceptualization has 
received attention currently due to the discovery of the ambivalent nature of human attitudes and 
emotions. In consumer sensory science, most of the scales for consumer acceptance testing were 
predominantly developed based on bipolar conceptualization. 
The Pearson product-moment correlation test was conducted to identify the relationship 
between percepts about liking and disliking with respect to evaluating food products. This 
correlation test is important in determining which conceptualization process – bipolar or 
bivariate – is prevalent during food product evaluation. Consumer acceptance tests using Korean 
rice wines, soy-whole-grain beverages, high protein snacks, and familiar commercial products 
were conducted using liking and disliking unidirectional scales (LDUS). Most of the correlation 
coefficients (R) from each sample were lower than 0.5, which means the intensity of the 
relationship between liking and disliking were close to independent. The intensities of the 
correlation coefficients in the studies supported the notion that, in general, subjects have 
bivariate conceptualization when they evaluate their liking and disliking for food products. This 
indicates that human conceptualization is more complicated than simply considering liking and 
disliking attitudes to be reciprocal. 
The data from the LDUS were compared to the 9-point hedonic scale ratings. There were 
few subjects who used neither the like nor dislike unidirectional scale, which represents a neutral 
percept. On the other hand, about 10% of the subjects in each sample used the ‘neither like nor 
dislike’ option on the 9-point hedonic scale. This finding supported the notion that subjects 
showed ambivalence; however, there is no way to express this mixed attitude on the 9-point 
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hedonic scale other than by indicating the ‘neither like nor dislike’ option. The measurement of 
consumer acceptance using the LDUS should reflect similar sample discrimination performance. 
The net difference of the LDUS showed similar results when compared to the 9-point hedonic 
scale ratings. There was no significant predominant sample discrimination performance from F-
ratio of samples, the number of Fisher’s least significance test, and the pairwise comparison. The 
discrimination of the most and the least accepted samples was identical, except for the soy-
whole-grain beverage study. The internal preference map from the LDUS offered supplementary 
interpretation of the samples, which were rated around the center point on the 9-point hedonic 
scale. The internal preference map from the 9-point hedonic scale showed a consumer preference 
pattern toward the most liked samples. On the other hand, the internal preference map of the 
liking and disliking unidirectional scale ratings demonstrated clear consumer preference patterns 
toward liking and disliking, especially for the samples that had both liking and disliking percepts. 
A certain sample had more consumer liking preference and less disliking preference, or vice 
versa. This additional information will provide more guidance in optimization of the samples to 
the researchers. They may target a sample to optimize by selecting the sample that showed a 
consumer preference toward liking, although the overall acceptance is not high enough. 
 The consumer acceptance test using bivariate conceptualization has one critical 
drawback. Since subjects rate liking and disliking, two times more sample preparation is required 
compared to the 9-point hedonic scale ratings. To solve this issue, the unidirectional scales were 
presented two different ways with a single sample presentation. The results from the evaluative 
space grid (ESG) and the consecutive scale presentation (CSP) were compared to the results 
from the monadic scale presentation (MSP), the original bivariate scale presentation method. 
There was no predominant direction in sample discrimination performance across the different 
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scale presentations from F-ratio of samples, Fisher’s LSD, and the pairwise comparison test. The 
rank order comparison also showed similar orders except for some samples that obtained similar 
ratings. In the comparison between the scale presentation methods for each sample, the mean 
ratings from the ESG were higher than for the MSP in general. This result would be related to 
the different cognitive process found between the absolute process in the MSP and the relative 
process seen in the ESG. Twenty percent of the samples were significantly higher than in the 
MSP. The relative cognitive process made the subjects rate samples higher than in the absolute 
process. Although the ratings from the ESG were higher for some samples, the rating trend of the 
samples was almost identical (Correlation coefficient for 20 samples = 0.97). The rating 
differences between the most and the least accepted samples were also similar between the MSP 
and the ESG. The CSP was only tested with familiar commercial products. The comparison of 
the CSP to the MSP was almost identical except that there were minor discrepancies in rank 
orders for the samples that had similar acceptances. Both the ESG and the CSP were comparable 
to the MSP with a half of the sample preparation, which is the same amount of work when 
compared to the 9-point hedonic scale.  
 Lastly, a qualitative study in the use of the unidirectional scales and the 9-point hedonic 
scale were undertaken to investigate why consumers use the scales in the specific ways. 
Throughout the qualitative study, we were able to find why subjects used liking and disliking 
unidirectional scales, why the subjects used either liking or disliking unidirectional scales, and 
what were the advantages and limitations of the 9-point hedonic scale. For highly liked or 
disliked products, the subjects predominantly used either the liking or disliking unidirectional 
scale in their evaluations. The main reason in their pattern for use of the scale was that they 
predominantly perceived liking or disliking characteristics. However, about one-third of the 
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subjects still used both liking and disliking unidirectional scales. For the products that were 
slightly disliked or liked, the subject predominantly used liking and disliking scales. The main 
reason for use of both scales was that they perceived liking and disliking characteristics. One-
third of the subjects for these samples used either the liking or disliking unidirectional scale. 
They generally approached their decision-making process for liking and disliking dichotomously 
in the use of the unidirectional scales. For the use of the 9-point hedonic scale, the main 
disadvantage was that there was no way to explain liking and disliking together, although the 9-
point hedonic scale is straightforward, simple, and easy to use. With regard to the issue of 
ambivalence, the 9-point hedonic scale forced the subjects to choose whether they liked, disliked, 
or had a neutral attitude about their acceptance of the foods, which oversimplified their attitudes. 
As the last part of the research, the researcher proposed guidelines for unidirectional ratings.  
Since liking and disliking were rated separately, these two ratings could generate a2-dimentional 
plot and place the products based on their degree of liking and disliking. A two-dimensional plot 
can represent 13 aspects of interpreting consumer acceptance. Researchers can look at where the 
product is located and think about future research or modifications by considering increasing the 
liking factors, decreasing the disliking factors, or doing both rather than look at whether or not a 
certain product is acceptable. 
This research will be useful in measuring consumer acceptance, by employing an 
accurate and natural method with respect to our conceptualization process of liking and disliking. 
The results from the bivariate measurement will be helpful - especially for novel products during 
the product development stage - in revealing the exact degree of liking and disliking. The 
bivariate measurement will provide more insightful information about consumer acceptance and 
preference and reduce the risks found in product development or reformulation.  
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APPENDIX A. SURVEY QUESTIONNAIRE FOR THE USE OF SCALE: FOR THE 
SUBJECTS WHO USED EITHER LIKING OR DISLIKING UNIDIRECTIONAL 
SCALE 
 
Subject No.  
You have evaluated 10 food products for four times during the research period. This is the last 
part of the study. There need to answer five open-ended questions. These open-ended questions 
are designed to elucidate the reasons why you used the liking and disliking scales during the food 
evaluations in such a way.  You will get the tables about the group average and your evaluation 
results to answer these questions.  
1. This question is for the products that were liked on average by the group of this panel. Please 
look at the tables below. Your evaluation pattern of the given products is that you used either 
liking scale or disliking scale frequently (which means you perceive either liking or disliking 
perception from the given products) rather than using both liking and disliking scales. Please 
write down the reasons you used the scales in such a way. 
Group Data ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Dislike Like Dislike 
Milk chocolate 5.33 0.33 5.27 0.36 5.10 0.43 
Orange juice 4.89 0.55 4.86 0.52 4.73 0.58 
Sour gummy worm 4.74 0.68 4.57 0.73 4.51 0.63 
 
Your data ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Disliking Like Dislike 
Milk chocolate 6 0 6 0 6 0 
Orange juice 6 1 6 0 6 0 
Sour gummy worm 6 0 6 0 5 1 
 
2. This question is for the product that was disliked on average by the group of this panel. Please 
look at the tables below. Your evaluation pattern of the given products is that you used either 
liking scale or disliking scale frequently (which means you perceive either liking or disliking 
perception from the given products) rather than using both liking and disliking scales. Please 
write down the reasons you used the scales in such a way. 
Group 
Data 
ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Dislike Like Dislike 
buttermilk 0.81 4.54 0.74 4.39 0.73 4.48 
 
Your data ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Disliking Like Dislike 
Butter milk 0 6 0 6 0 6 
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3. This question is for the products that were both liked and disliked on average by the group of 
this panel. Please look at the tables below. Your evaluation pattern of the given products is that 
you used either liking scale or disliking scale frequently (which means you perceive either liking 
or disliking perception from the given products) rather than using both liking and disliking scales. 
Please write down the reasons you used the scales in such a way. 
Group Data ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Dislike Like Dislike 
Cheese 3.63 1.79 3.36 1.65 3.32 1.59 
Plain soymilk 3.56 1.21 3.39 1.34 3.49 1.42 
Canned pea 3.17 1.71 2.77 1.70 2.82 1.71 
Grapefruit juice 3.23 2.13 2.74 2.17 2.89 2.32 
Raw onion 2.35 2.95 2.21 2.92 2.27 2.93 
Canned sardine 1.82 3.21 1.78 3.28 1.85 3.16 
 
Your data ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Disliking Like Dislike 
Cheese 0 5 0 6 0 5 
Plain soymilk 5 1 4 0 2 2 
Canned pea 5 1 2 0 1 3 
Raw onion 6 0 6 0 5 0 
Canned sardine 6 0 5 0 4 0 
Grapefruit juice 3 2 3 2 2 1 
 
 
4. This question is about the 9-point hedonic scale (see below). Can you write down any 
comment (advantage / limitation) in the use of this scale? 
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APPENDIX B. SURVEY QUESTIONNAIRE FOR THE USE OF SCALE: FOR THE 
SUBJECTS WHO USED LIKING AND DISLIKING UNIDIRECTIONAL SCALE 
 
Subject No. 
You have evaluated 10 food products for four times during the research period. This is the last 
part of the study. There need to answer five open-ended questions. These open-ended questions 
are designed to elucidate the reasons why you used the liking and disliking scales during the food 
evaluations in such a way.  You will get the tables about the group average and your evaluation 
results to answer these questions.  
1. This question is for the products that were liked on average by the group of this panel. Please 
look at the tables below. Your evaluation pattern of the given products is that you used both 
liking and disliking scales frequently (which means you perceive both liking and disliking from 
the given products) rather than using either liking scale or disliking scale. Please write down the 
reasons you used the scales in such a way. 
Group Data ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Dislike Like Dislike 
Milk chocolate 5.33 0.33 5.27 0.36 5.10 0.43 
Orange juice 4.89 0.55 4.86 0.52 4.73 0.58 
Sour gummy worm 4.74 0.68 4.57 0.73 4.51 0.63 
 
Your data ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Disliking Like Dislike 
Milk chocolate 4 0 3 1 2 0 
Orange juice 3 1 2 1 1 1 
Sour gummy worm 1 2 1 2 1 3 
 
2. This question is for the product that was disliked on average by the group of this panel. Please 
look at the tables below. Your evaluation pattern of the given products is that you used both 
liking and disliking scales frequently (which means you perceive both liking and disliking from 
the given products) rather than using either liking scale or disliking scale. Please write down the 
reasons you used the scales in such a way. 
Group 
Data 
ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Dislike Like Dislike 
buttermilk 0.81 4.54 0.74 4.39 0.73 4.48 
 
Your data ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Disliking Like Dislike 
Butter milk 1 5 1 6 0 6 
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3. This question is for the products that were both liked and disliked on average by the group of 
this panel. Please look at the tables below. Your evaluation pattern of the given products is that 
you used both liking and disliking scales frequently (which means you perceive both liking and 
disliking from the given products) rather than using either liking scale or disliking scale. Please 
write down the reasons you used the scales in such a way. 
Group Data ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Dislike Like Dislike 
Cheese 3.63 1.79 3.36 1.65 3.32 1.59 
Plain soymilk 3.56 1.21 3.39 1.34 3.49 1.42 
Canned pea 3.17 1.71 2.77 1.70 2.82 1.71 
Grapefruit juice 3.23 2.13 2.74 2.17 2.89 2.32 
Raw onion 2.35 2.95 2.21 2.92 2.27 2.93 
Canned sardine 1.82 3.21 1.78 3.28 1.85 3.16 
 
Your data ESG: paper ballot Separate: 2 trays Consecutive: 1 tray 
Sample Like Dislike Like Disliking Like Dislike 
Cheese 5 3 2 3 4 2 
Plain soymilk 4 0 4 1 4 1 
Canned pea 1 4 1 4 1 5 
Raw onion 0 6 0 6 0 6 
Canned sardine 1 5 1 6 0 6 
Grapefruit juice 4 2 4 2 4 3 
 
4. This question is about the 9-point hedonic scale (see below). Can you write down any 
comment (advantage / limitation) in the use of this scale? 
 
 
 
 
 
 
 
